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ABSTRACT 



An electron beam apparatus includes an electron source 
having an electron-emitting device, an electrode for control- 
ling an electron beam emitted from the electron source, a 
target to be irradiated with an electron beam emitted from 
the electron source and a spacer arranged between the 
electron source and the electrode. The spacer has a semi- 
conductor film on the surface thereof that is electrically 
connected to the electron source and the electrode. 
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ELECTRON BEAM APPARATUS AND 
IMAGE FORMING APPARATUS 

This application is a continuation of application Ser. No. 
08/496,131. filed Jun. 27. 1995, now abandoned 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

This invention relates to an electron beam apparatus and 
an image forming apparatus such as a display apparatus 
realized by using the same. More particularly, the present 
invention relates to an electron beam device and an image 
forming apparatus comprising an envelope and spacers for 
supporting and reinforcing the envelope from inside to make 
it withstand the atmospheric pressure. 

2. Related Background Art 

There have been known two types of electron-emitting 
devices; the thermionic cathode type and the cold cathode 
type. Of these, the cold cathode type refers to devices 
including surface conduction electron-emitting devices, 
field emission type (hereinafter referred to as the FE type) 
devices and metal/insulation layer/metal type (hereinafter 
referred to as the MIM type) electron-emitting devices. 

Examples of surface conduction electron-emitting devices 
include one proposed by M. I. Elinson, Radio Eng. Electron 
Phys., 10. 1290 (1965) as well as those that will be described 
hereinafter. 

A surface conduction electron-emitting device is realized 
by utilizing the phenomenon that electrons are emitted out of 
a small thin film formed on a substrate when an electric 
current is forced to flow in parallel with the film surface. 
While Elinson proposes the use of Sn0 2 thin film for a 
device of this type, the use of Au thin film is proposed in G. 
Dittmer: 'Thin Solid Films", 9. 317 (1972) whereas the use 
of In 2 0 9 /SnO 2 and that of carbon thin film are discussed 
respectively in M. Hartwell and C. G. Fonstad: "IFFF.Trans. 
ED Conf.*\ 519 (1975) and H. Araki et al.: "Vacuum", Vol. 
26, No. 1. p. 22 (1983). 

FIG. 36 of the accompanying drawings schematically 
illustrates a typical surface conduction electron-emitting 
device proposed by M. Hartwell. In FIG. 36, reference 
numeral 3001 denotes a substrate. Reference numeral 3004 
denotes an electroconductive thin film normally prepared by 
producing an H-shaped thin metal oxide film by means of 
sputtering, part of which eventually makes an electron- 
emitting region 3005 when it is subjected to an electrically 
energizing process referred to as "energization forming" as 
described hereinafter. In FIG. 36. the thin horizontal area of 
the metal oxide film separating a pair of device electrodes 
has a length L of 0.5 to 1 mm and a width W of 0. 1 mm. Note 
that, while the electron-emitting region 3005 has a rectan- 
gular form and is located at the middle of the electrocon- 
ductive thin film 3004. there is no way to accurately know 
its location and contour. 

For surface conduction electron-emitting devices includ- 
ing those proposed by M. Hartwell et al.. the electrocon- 
ductive film 3004 is normally subjected to an electrically 
energizing preliminary process, which is referred to as 
"energization forming*', to produce an electron emitting 
region 3005. In the energization forming process, a constant 
DC voltage or a slowly rising DC voltage that rises typically 
at a rate of lV/min. is applied to given opposite ends of the 
electroconductive film 3004 to partly destroy, deform or 
transform the thin film and produce an electron-emitting 
region 3005 which is electrically highly resistive. Thus, the 
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electron-emitting region 3005 is part of the electroconduc- 
tive film 3004 that typically contains fissures therein so that 
electrons may be emitted from those fissures. Note that once 
subjected to an energization forming process, a surface 
5 conduction electron-emitting device comes to emit electrons 
from its electron emitting region 3005 whenever an appro- 
priate voltage is applied to the electroconductive film 3004 
to make an electric current run through the device. 

Examples of FE type device include those proposed by W. 
I0 P. Dyke & W, W. Dolan, "Field emission 0 . Advance in 
Electron Physics. 8, 89 (1956) and G A. Spindt. "PHYSI- 
CAL Properties of thin-film field emission cathodes with 
molybdenum cones", J. Appl. Phys.. 47, 5248 (1976). 

FIG. 37 of the accompanying drawings illustrates in cross 
section an FE type device according to the above C. A. 
15 Spindt paper. Referring to FIG. 37, the device comprises a 
substrate 3010, an emitter wiring 3011. an emitter cone 
3012. an insulation layer 3013 and a gate electrode 3014. 
When an appropriate voltage is applied between the emitter 
cone 3012 and the gate electrode 3014 of the device, the 
20 phenomenon of field emission appears at the top of the 
emitter cone 3012. 

Apart from the multilayer structure of FIG. 37, an FE type 
device may also be realized by arranging an emitter and a 
gate electrode on a substrate substantially in parallel with the 
25 substrate. 

MIM devices are disclosed in papers including C. A. 
Mead. "Operation of tunnel-emission Devices", J. Appl. 
Phys,. 32, 646 (1961). FIG. 38 illustrates a typical MIM 
device in cross section. Referring to FIG. 38, the device 
comprises a substrate 3020. a lower electrode 3021, a thin 
insulation layer 3022 as thin as 100 angstroms and an upper 
electrode having a thickness between 80 and 300 angstroms. 
Electrons are emitted from the surface of the upper electrode 
3023 when an appropriate voltage is applied between the 
3 upper electrode 3023 and the lower electrode 3023 of the 
MIM device. 

Cold cathode devices as described above do not require 
any heating arrangement because, unlike thermionic cathode 

^ devices, they can emit electrons at low temperatures. Hence, 
the cold cathode device is structurally by far simpler man the 
thermionic cathode device and can be made very small. If a 
large number of cold cathode devices are densely arranged 
on a substrate, the substrate is free from problems such as 

4S melting by heat. Additionally, while the thermionic cathode 
device takes a rather long response rime because it operates 
only when healed by a heater, the cold cathode device starts 
operating very quickly. 
Therefore, studies have been and are currently being 

5Q conducted on cold cathode devices. 

For example, since a surface conduction electron-emitting 
device has a particularly simple structure and can be manu- 
factured in a simple manner, a large number of such devices 
can advantageously be arranged on a large area without 

55 difficulty. As a matter of fact, a number of studies have been 
made to fully exploit this advantage of surface conduction 
electron-emitting devices. Studies that have been made to 
arrange a large number of devices and drive them effectively 
include the one described in Japanese Patent Application 

60 Laid-Open No. 64-3 D32 filed by Ihe applicant of the 
present patent application. 

Electron beam apparatuses using surface conduction 
electron-emitting devices that are currently being studied 
include charged electron beam sources and image forming 

65 apparatuses such as image displays and image recorders. 
U.S. Pat. No. 5,066.883. Japanese Patent Application 
Laid-Open Nos. 2-257551 and 4-28137 also filed by the 
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applicant of the present patent application disclose image 
display apparatuses realized by combining surface conduc- 
tion electron-emitting devices and a fluorescent panel that 
emits light as it is irradiated with electron beams. An image 
display apparatus comprising surface conduction electron- 3 
emitting devices and a fluorescent panel can be highly 
advantageous relative to comparable conventional appara- 
tuses such as liquid crystal image display apparatuses that 
have been popular in recent years because it is of a light 
emissive type which requires no backlight to make it glow 10 
and has a wide view angle. 

On the other hand. U.S. Pat. No. 4.904,895 of the appli- 
cant of the present patent application discloses an image 
display apparatuses realized by arranging a large number of 
FE type devices. Other examples of image display apparatus 13 
comprising FE type devices include the one reported by R. 
Meyer R. Meyer: ''Recent Development on Microtips Dis- 
play at LETT*. Tech. Digest of 4th Int Vacuum Microelec- 
tronics Conf.. Nagahama. p.p 6-9 (1991). 

Japanese Patent Application Laid-Open No. 3-55738 also 20 
filed by the applicant of the present patent application 
describes an image display apparatus realized by arranging 
a large number of MIM type devices. 

Image display apparatuses and other electron beam appa- ^ 
ratuses described above normally comprise an envelope for 
maintaining the inside of the apparatus in a vacuum 
condition, an electron source arranged within the envelope, 
a target to be irradiated with electron beams emitted from the 
electron source and an accelerating electrode for accelerat- ^ 
ing electron beams heading for the target In certain cases, 
such an apparatus additionally comprises one or more than 
one spacers arranged within the envelope for supporting the 
envelope from the inside in order to counter the atmospheric 
pressure applied to the envelope. 35 

In particularly, in view of the current trend of the ever 
increasing demand for image display apparatuses and other 
image forming apparatuses that are very flat and have a large 
display screen, spacers within the envelope of display appa- 
ratus seems to be an indispensable component of such an 40 
apparatus. 

However, spacers arranged within an electron beam appa- 
ratus can give rise to a problem of displacing the landing 
positions of electron beams from the respective designed 
positions on the plane where the target is arranged. 45 

If the electron beam apparatus is a display apparatus of 
any of the above described types, the above problem may be 
expressed in terms of displaced landing positions and 
deformed contours of glowing spots on the surface of the 
fluorescent panel that are different from the designed ones. 30 

When a color image forming panel that carries thereon 
fluorescent members of red. green and blue is used in such 
an apparatus, displaced landing positions of electron beams 
can result in a reduced brightness and color change. These 
problems are particularly observable around the spacers 33 
between the electron beam source and the image forming 
panel and in the peripheral areas of the image forming panel. 

SUMMARY OF THE INVENTION 

60 

It is therefore an object of the invention to provide an 
electron beam apparatus thai is free from displacement of 
landing positions of electron beams on the target plane. 

It is another object of the invention to provide an electron 
beam apparatus that can effectively prevent displacement of 65 
landing positions of electron beams on the target plane when 
spacers are arranged within the electron beam apparatus in 
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order to secure a predetermined distance between the elec- 
tron source and the target plane. 

It is still another object of the invention to provide an 
electron beam apparatus, or an image forming apparatus in 
particular, that can effectively prevent displacement of land- 
ing positions of electron beams on the image forming panel 
in order to reproduce clear images on the screen. 

It is a further object of the invention to provide an image 
forming apparatus comprising a fluorescent panel carrying 
thereon fluorescent members that can effectively prevent 
displacement of landing positions of electron beams on the 
image forming panel in order to reproduce clear images on 
the screen. 

It is a still further object of the invention to provide an 
image forming apparatus comprising a fluorescent panel 
carrying thereon color fluorescent members red. green and 
blue that can effectively prevent displacement of landing 
positions of electron beams, deformed contours of glowing 
spots on the surface of the fluorescent panel that are different 
from the designed ones, reduced brightness and color 
change on the image forming panel in order to reproduce 
clear images on the screen. 

According to an aspect of the invention, the above objects 
are achieved by providing an electron beam apparatus 
comprising an electron source having an electron-emitting 
device, an electrode for controlling an electron beam emitted 
from said electron source, a target to be irradiated with an 
electron beam emitted from said electron source and a 
spacer arranged between said electron source and said 
electrode, characterized in that said spacer has a semicon- 
ductor film on the surface thereof that is electrically con- 
nected to said electron source and said electrode. 

According to another aspect of the invention, there is 
provided an electron beam apparatus comprising an electron 
source having an dectron-emitting device, an electrode for 
controlling an electron beam emitted from said electron 
source, a target to be irradiated with an electron beam 
emitted from said electron source and a spacer arranged 
between said electron source and said electrode, character- 
ized in that said spacer is provided with abutting members 
arranged at the abutments of said spacer and said electron 
source and said electrode and has a semiconductor film on 
the surface thereof that is electrically connected to said 
electron source and said electrode. 

According to another aspect of the invention, there is 
provided an electron beam apparatus comprising an electron 
source having an dectron-emitting device, an electrode for 
controlling an electron beam emitted from said electron 
source and a target to be irradiated with an electron beam 
emitted from said electron source, characterized in that it 
further comprises a spacer arranged between at least two 
electrodes to which different respective electric potentials 
are applied and said spacer is provided with abutting mem- 
bers arranged at the abutments of said spacer and said 
electrodes and has a semiconductor film on the surface 
thereof that is electrically connected to said dectrodes. 

An electron beam apparatus according to the invention 
can advantageously be an image forming apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross sectional view showing part of 
an image farming apparatus according to the invention and 
taken along line 1 — 1 of FIG. 2 to illustrate a spacer and its 
vicinity. 

FIG. 2 is a partially broken schematic perspective view of 
an image forming apparatus according to the invention. 
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FIG. 3 is a schematic partial plan view of the electron device that can be used for the purpose of the invention, 

source of the image forming apparatus of FIG. 1. showing a illustrating different manufacturing steps thereof, 

principal portion thereof. FIG. 23 is a schematic partial plan view of the step type 

FIGS. 4A and 4B are schematic views of two different surface conduction electron-emitting device of FIGS. 22A to 

fluorescent films that can be used for the purpose of the 5 22H. illustrating how chromium film is formed thereon in 

invention, the step of FIG. 22F. 

FIG. 5 is a schematic cross sectional view showing part of FIG. 24 is a schematic partial plan view of a fluorescent 

the image forming apparatus of FIG. 2 as viewed along the film that can be used for the purpose of the invention. 

Y-direction to illustrate how electrons fly from the electron- ^ FIG. 25 is a partially broken schematic perspective view 

emitting region of an electron-emitting device arranged near 0 f another image forming apparatus according to the inven- 

a spacer. tion. 

FIG. 6 is a schematic cross sectional view showing part of fig. 2ti is a schematic cross sectional view showing part 

the image forming apparatus of FIG. 2 as viewed along the 0 f the image forming apparatus of FIG. 25 taken along line 

X -direction to illustrate how electrons fly from the electron- 15 26—26 to illustrate a spacer and its vicinity, 

emitting region of an electron-emitting device arranged near pj G 27 is a schematic partial plan view of the electron 

a spacer and how scattering particles fly. source of the image forming apparatus of FIG. 25, showing 

FIGS. 7A to 7C are schematic cross sectional views of a principal portion thereof, 

three different spacers that are provided with abutting mem- piG. 28 is a partially broken schematic perspective view 

bers and can be used for an image forming apparatus 20 0 f still another image forming apparatus according to the 

according to the invention. invention. 

FIG. 8 is a schematic cross sectional view showing part of nQ 29 h a partMy broken schematic perspective view 

the image forming apparatus of FIG. 2 to illustrate how a of m lmagc forming ^^ms according to the 

spacer is arranged in it with abutting members. invention 

FIGS. 9A. 9B, lOAand 10B are schematic plan views and 25 mQ yoisa schematic cross sectional view showing part 

elevational cross sectional views of two different surface of toc image forming apparatus of FIG. 29 taken along line 

conduction electron-emitting devices that can be used for the 30^30 to illustrate a spacer and its vicinity, 

purpose of the invention. mQ n h fl partiallv scncma ti c perspective view 

FIGS. 11A to 11E are schematic elevational cross sec- of ^ another image forming apparatus according to the 

tional views of a surface conduction electron-emitting invention. 

device that can be used for the purpose of the invention, nGS 3M 32B ^ 33fi MA ^ MB m 

illustrating different manufacturing steps thereof. ^ sectional yiews showing part of &e forming 

FIG. 12 is a graph showing a voltage waveform that can apparatus of FIG. 31 taken along lines (32A. 33A, 34A) — 

be used for an energization forming operation for the pur- 35 (32a, 33A, 34A) and (32B, 33B, 34B)— (32B, 33B. 34B) 

pose of the invention. respectively. 

FIGS. 13A and 13B are graphs showing a voltage wave- piG. 35 is a block diagram of an image forming apparatus 

form and a waveform of an emission current that can be used according to the invention. 

for an energization activating operation for the purpose of pj G ^ is a ^em^ plan view of a conventional surface 

the invention. 40 conduction electron-emitting device. 

FIGS. 14 and 15 are schematic elevational cross sectional jtjq 37 ^ a schematic cross sectional view of a conven- 

views of two different step type surface conduction electron- ^ ona j ^vice 

emitting devices that can be used for the purpose of the nQ ^ . fi ft schematic ^ scctional view of a conven . 

mV ^c° n ;, A ^ ^ • , • ■ tional MLM device. 

FIGS. 16A to 16F arc schematic elevational cross sec- 45 

tional views of a step type surface conduction electron- DET AILED DESCRIPTION OF THE 

emitting device that can be used for the purpose of the PREFERRED EMBODIMENTS 

invention, illustrating different inanufacturing steps thereof. Now , ^ nnfigwtio* of a display panel that can be used 

FIG. 17 is a graph showing the electric performance of a for an image forming apparatus awarding to the invention 

surface conduction type electron-emitting device according 50 Md a of manufacturing it will be described. 

to ^!, in ^ ntioQ ' . FIG. 2 shows a schematic perspective view of the display 

FIG. 18 is a block diagram schematically illustrating a & partially broken to illustrate the inside. FIG. 

drive circuit that can be used for an image forming apparatus x h a schematic cross sectional view showing part of the 

according to the invention. j5 panel of nG 2 taken along line 1—1. 

FIG. 19 is a circuit diagram showing only part of an Referring to FIGS. 1 and 2, the apparatus comprises a rear 

electron source that can be used for an image forming pJate 15 ia tera ] walls M and a face plate 17 to form an 

apparatus according to the invention, envelope that is airtightly sealed to maintain the inside in a 

FIG. 20 is a schematic illustration showing the principle vacuum condition, 

of driving an image forming apparatus according to the ^ A SUDS trate 11 is rigidly secured to the rear plate 15 and 

invention. a total 0 f NxM ^Id cathode devices are formed on the 

FIG. 21 is a circuit diagram showing only part of an substrate 11. N and M are integers greater than 2 and 

electron source that can be used for an image forming selected appropriately as a function of the number of 

apparatus according to the invention, illustrating how dif- electron-emitting devices to be arranged in the apparatus, 

ferent voltages are applied thereto. 65 For instance, if the apparatus is a high definition television 

FIGS. 22A to 22H are schematic elevational cross sec- set N and M are preferably equal to or greater than 3.000 

tional views of another surface conduction electron<mitting and 1.000 respectively. In an embodiment that will be 
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described hereinafter. N=3.072 and M= 1.024 are used The 
NxM cold cathode devices are wired by M row-directed 
wirings 13 and N column -directed wirings 14 to form a 
simple matrix wiring pattern. The unit constituted by the 
components 11. 12. 13 and 14 is termed as a multiple 
electron beam source. 

An insulation layer (not shown) is provided between the 
row-directed wirings 13 and the column-directed wirings 14 
at least at the crossings thereof in order to electrically 
insulate them from each other. 

While the substrate 11 of the multiple electron beam 
source is rigidly secured to the rear plate 15 of the air-tightly 
sealed envelope in the above description, the rear plate of the 
airtightly sealed envelope may be constituted by the sub- 
strate 11 itself of the multiple electron beam source if it has 
sufficiently large strength. 

Materials that can be used for the substrate 11 include 
quartz glass, glass containing impurities such as Na to a 
reduced concentration level, soda lime glass, glass substrate 
^-realized by forming an Si0 2 layer on soda lime glass by 
sputtering, ceramic substances such as alumina. The dimen- 
sions of the substrate 11 may be selected depending on the 
number of electron-emitting devices to be arranged on the 
substrate 11 and the designed configuration of each electron- 
emitting device as well N as the resistance against the atmo- 
spheric pressure and other considerations if the substrate 11 
itself constitutes the rear plate of the air-tightly sealed 
envelope of the apparatus. Materials to be used for the rear 
plate 15, the face plate 17 and the lateral walls 16 of the 
airtightly sealed envelope are preferably selected from those 
that can withstand the atmospheric pressure applied to the 
envelope and are electrically highly insulating so that they 
can also withstand the high voltage applied between the 
multiple electron beam source and the metal back of the 
apparatus, which will be described hereinafter. Materials 
that can be used for them also include quartz glass, glass 
containing impurities such as Na to a reduced concentration 
level, soda lime glass, glass substrate realized by forming an 
Si0 2 layer on soda lime glass by sputtering, ceramic sub- 
stances such as alumina. Note that at least the material of the 
face plate 17 has to show a transmissivity equal to or greater 
than a given level relative to visible light. Also note that the 
materials of the components of the envelope have to show 
thermal expansion coefficients that are close to one another. 

The row-directed wirings 13 and the column -directed 
wirings 14 are made of a conductive material such as metal 
and arranged to show a desired pattern by means of an 
appropriate technique such as vapor deposition, printing or 
sputtering. The material, the thickness and the width of the 
wirings are so selected that a given voltage may be evenly 
applied to all the cold cathode devices 12. 

The insulation layer arranged between the row-directed 
wirings 13 and the colurnn-directed wirings 14 at least at the 
crossings thereof is typically made of Si0 3 which is formed 
, by means of an appropriate technique such as vapor 
deposition, printing or sputtering. It may be formed to cover 
entirely or partly the colunm-directed wirings 14 arranged 
on the substrate 11 and the material, the thickness and the 
manufacturing method of the insulation layer arc so selected 
that it may withstand the difference of electric potential 
existing at the crossings of the row-directed wirings 13 and 
the column-directed wirings 14. 

While the row-directed wirings 13 and the column- 
directed wirings 14 may be made of any highly electrocon- 
ductive material, preferred candidate materials include met- 
als such as Ni. Cr. Au. Mo. W, Pt Ti. Al, Cu and Pd and their 
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alloys, printable conductive materials made of a metal or a 
metal oxide selected from Pd, Ag. Au. Ru0 2 and Pd-Ag and 
glass, transparent conductive materials such as ln 2 0 3 — 
Sn0 2 and semiconductor materials such as polysilicon. 

5 As seen from FIGS. 1 and 2, a fluorescent film 18 is 
formed under the face plate 17. Since the mode of realizing 
the present invention as described here corresponds to a 
color display apparatus, fluorescent members of red. green 
and blue are arranged on respective areas of the film 18 as 

to in the case of ordinary color CRTs. In the case of FIG. 4A, 
fluorescent members 21a of three different colors are real- 
ized in the form of so many stripes and any adjacent stripes 
are separated by a black electroconductive member 21b. 
Black electroconductive members 21b are arranged for a 

15 color display panel so that no color breakups may appear if 
electron beams do not accurately hit the target, that the 
adverse effect of external light of reducing the contrast of 
displayed images may be reduced and that the fluorescent 
film may not be electrically charged up by electron beams. 

20 While graphite is normally used for the black electrocon- 
ductive members 89. other conductive material having low 
light tansmissivity and reflectivity may alternatively be 
used. 

Hie striped pattern of FIG. 4Afor fluorescent members of 
25 three primary colors may be replaced by a triangular 
arrangement of round fluorescent members of three primary 
colors as shown in FIG. 4B or some other arrangement 

A monochromatic fluorescent film 18 is used for a black 
and white display panel. 

An ordinary metal back 19 well known in the art of CRT 
is arranged on the inner surface of the fluorescent film 18. 
which is the side of the fluorescent film closer to the rear 
plate. The metal back 19 is provided in order to reflect back 
35 part of rays of light emitted by the fluorescent film 18 to 
enhance the efficiency of utilization of light, to protect the 
fluorescent film, to function as an electrode for applying an 
electron beam acceleration voltage, and to provide guide 
paths for electrons for exciting the fluorescent film 18. The 
^ metal back 19 is prepared by smoothing the inner surface of 
the fluorescent film 18 and forming an Al film thereon by 
vacuum deposition after preparing the fluorescent film 18 on 
the face plate substrate 17. The metal back 19 may not be 
necessary if a fluorescent material that is good for a low 
43 voltage is used for the fluorescent film 18. 

A transparent electrode typically made of ITO may be 
arranged between the face plate substrate 17 and the fluo- 
rescent film 18 in order to apply an accelerating voltage and 
raise the conductivity of the fluorescent film 18. 
so Dxl through Dxm and Dyl through Dyn and Hv in FIG. 
2 are external terminals for electric connection arranged 
outside the envelope in order to connect the display panel 
and electric circuits (not shown). Dxl through Dxm are 
electrically connected to row-directed wirings 13 of the 
33 multiple electron beam source while Dyl through Dyn and 
Hv are electrically connected to column- directed wirings 14 
of the multiple electron beam source and the metal back 19 
of the face plate respectively. 
Since the inside of the envelope (airtightly sealed 
GO container) is held to a degree of vacuum of approximately 
10 -6 Torr, one or more than one spacers 20 are arranged 
within the envelope in order to make it withstand the — . 
atmospheric pressure and unexpected impacts. Each of the / 
spacers 20 is prepared by forming a semiconductor thin film \ 
65 20b on an insulating member 20a. A required number of 
spacers are arranged within the envelope with required 
intervals separating them from one another and bonded to 
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the inside of the envelope and the surface of the substrate 11 wirings 13 and 14 and the metal back 19 and a degree of 

with frit glass. The semiconductor thin film 20b of each surface electric conductivity that can effectively prevent 

spacer is electrically connected to the inner surface (e.g., the electrification of the surface of the spacers 20. 

metal back 19) of the face plate 17. the surface of the For assembling the envelope (airtightly sealed container), 

substrate 11 and a row- or column-directed wiring 13 or 14. 5 the members 15, 16 and 17 have to be hermetically sealed 

■m m . . ... , f . . ii iny ,^ nt :^ n in order to provide the junctions of the members 15, 16 and 

Inmeabovedescribed^ ^ a ^ of 

the spacers 20 have a profile of a thin plate and are arranged Such ^ * f mc mcmbcrs can b l nMUied by 

in parallel with the row-directed wuings 13 and connected ^ frft glass to m< ? juncti(ms and mc ^ 

to the column-directed wirings 14. in air or in a nitrogen atmosphere at 400° to 500° 

The spacers 20 may be made of any material that provides c. for more than 10 minutes. The method for evacuating the 

sufficient insulation and withstands the high voltage applied hermetically sealed envelope will be described hereinafter, 

between the wirings 13 and 14 on the substrate 11 and the A f ler assembling the envelope (airtightly sealed 

metal back 19 on the inner surface of the face plate 17, while container), the exhaust pipe (not shown) of the envelope is 

showing a degree of surface conductivity for effectively connected to a vacuum pump and the envelope is then 

preventing an electric charge from building up on the surface evacuated to a degree of vacuum of approximately 10" 7 Torr. 

of the spacers. Thereafter, the exhaust pipe is sealed. Note that a getter film 

Materials that can be used for the insulating members 20a (not shown) is formed at a given location within the enve- 

of the spacers 20 include quartz glass, glass containing lope immecUately before or after sealing the exhaust pipe as 

impurities such as Na to a reduced concentration level, soda M means for maintaining the inside of the envelope to a given 

lime glass, glass substrate realized by forming an Si0 2 layer degree of vacuum. Getter film is a film obtained by vapor 

on soda lime glass by sputtering, ceramic substances such as deposition, where a getter material typically containing Ba 

alumina. It is preferable that the material of the insulating as a principal ingredient is heated by means of a heater or 

members 20a has a thermal expansion coefficient substan- high frequency heating. The inside of the envelope is 

tially equal to those of the materials of the envelope 2J maintained to a degree of vacuum of lxlO -3 to 1x10 Torr 

(airtightly sealed container) and the substrate 11. by the adsorption effect of getter film. T — * 

/ The semiconductor thin film 20b preferably has a surface Id an image display apparatus comprising a display panel I 

j electric resistance between 10 3 and 10 12 Q/O so that it can as described above, the cold cathode devic es are driven to I 

^-maintain the effect of preventing electrification of the sur- emit electrons when a voltage is appliecflo the devices by I 

face and it can suppress the power consumption by leak ^ way of the external terminals Dxl through Dxm and Dyl 1 

current not to exceed the tolerable limit Materials that can through Dyn while a high voltage of several kilovolts is 1 

be used for the semiconductor thin film 20b include semi- applied to the metal back 19 (or a transparent electrode (not I 

conductor substances of the IV group such as silicon and shown)) by way of the high voltage terminal Hv to accel- 1 

germanium, semiconductor compounds such as gallium erate electrons emitted from the devices and make them 1 

arsenide, noble metals such as Pt, Au, Ag. Rh and Ir. metals 33 collide with the face plate 17 at high speed. Them the I 

such as Al. Sb. Sn, Pb. Ga. Zn, In. CcL Cu. Ni, Co, Rh, Fe, fluorescent members 21a of the fluorescent film 18 are 

Mn. Cr, V, Ti, Zr. Nb, Mo and W in the form of thin film energized to emit light and produce an image on the display 

having an islands structure, oxide semiconductors such as screen. ) 

nickel oxide and zinc oxide and extrinsic semiconductor FIGS. 5 and 6 schematically illustrate how electrons and 

substances realized by adding one or more than one impu- ^ scattering particles, which will be described hereinafter, are 

rities at a minute concentration to any of the above semi- generated within the display panel of FIG. 2. Of these, FIG. 

conductor substances and having the form of amorphous. 5 is a cross sectional view as seen along the Y-direction 

poly crystalline or monocrystalline thin film. The semicon- w hU c fig. 6 is a view seen along the X-direction of FIG. 2. 

ductor thin film 206 may be formed by means of an it will be seen from FIG. 5 that electrons are emitted from 

appropriate film forming technique selected from methods 45 the cold cathode devices as voltage Vf is applied to the 

of forming thin film in vacuum such as vapor deposition, devices on the substrate 11 and then accelerated by accel- 

methods of applying an organic or dispersion solution by crating voltage Va applied to the metal back 19 on the face 

dipping or by using a sprinner followed by baking, and pia^ 17 before they collide with the fluorescent film 18 on 

non-electrolytic plating methods for forming a thin metal the inner surface of the face plate 17 to make the latter emit 

film on the surface of an insulating body through chemical 50 Ught In the case where the cold cathode device is a surface 

reactions. conduction electron -emitting device, comprising a high 

A semiconductor thin film 20b is formed at least on the potential side device electrode and a low potential side 

surface exposed to vacuum in the envelope (airtightly sealed device electrode arranged in parallel with each other on the 

container) of the insulating member 20 J? of each spacer. The surface of a substrate along with an electron-emitting region 

formed semiconductor thin film 206 is electrically connected 55 between the device electrodes, electrons are emitted along a 

to the above described black electroconductive member 2\b parabolic trajectory indicated by 30/ and deviated toward the 

or the metal back 19 on the side of the face plate 17 and to high potential side device electrode from the normal line 

a row-directed wiring 13 or a column -directed wiring on the relative to the surface of the substrate 11 standing from the 

side of the rear plate 15. electron-emitting region of the device. Thus, the center of 

It should be noted, however, that the configuration, the 60 the glowing spot on the fluorescent film 18 is deviated from 

positions and the means of arranging spacers 20 may be the normal line relative to the surface of the substrate 11 that 

different from those described above and that they may be Is standing from the electron-emitting region of the device, 

electrically connected to the face plate 17 and the rear plate Such behavior on the part of emitted electrons can result in 

IS in any fashion so long as they provide a strength an asymmetric distribution pattern of electric potentials in a 

sufficiently strong to make the envelope withstand the 65 plane parallel to the substrate 11. 

atmospheric pressure, a degree of electric insulation that can Apart from electrons emitted from the cold cathode 

satisfactorily withstand the high voltage applied between the devices 12 that eventually collide with the inner surface of 
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the face plate 17 and make the fluorescent film 18 glow, 
scattering particles (ions, secondary electrons, neutral 
particles, etc.) can be generated with a given probability as 
electrons collide with the fluorescent film 18 and. if with a 
low probability, gas remaining in the vacuum envelope and 
dispersed along paths as indicated by 31/ in FIG. 6. 

In an experiment using an image display apparatus where 
the spacers 20 were not provided with a semiconductor thin 
film 206. the inventors of the present invention have dis- 
covered that the fluorescent film can glow at locations 
displaced from the designed spots (where electrons arc 
supposed to collide) in areas close to the spacers 20. 
Particularly when image forming members for color images 
are used, the apparatus can give rise to a phenomenon of 
reduced brightness and color change. 

It may be safely assumed that the main cause of the 
phenomenon lies in the fact that part of the scattering 
particles collide with the exposed areas of the insulating 
members 20a of the spacers 20. which are then electrically 
charged to produce electric fields around them that by turn 
deviate electrons from their normal trajectories and make the 
fluorescent film glow at locations displaced from the 
designed spots with deformed profiles of glowing spots. 

It was also discovered by closely looking into the dis- 
placed glowing spots and their deformed profiles that most 
of the exposed areas are positively charged This phenom- 
enon may be caused by positively charged scattering par- 
ticles that adhere to the exposed areas and/or any scattering 
particles that collide with the exposed areas to generate 
secondary electrons which are then discharged to leave a 
positive electric charge on those areas. 

On the other hand in an image display apparatus accord- 
ing to the invention and comprising spacers 20 that are 
coated with a semiconductor thin film 206 as shown in FIG. 
1. it was confirmed that the fluorescent film 18 produces 
glowing spots with, a designed profile at designed locations. 
In other words, it may be safely said that if electrically 
charged particles adhere to the surface of the spacers 20. 
they are neutralized by part of the electric current (more 
specifically electrons or holes) flowing along the semicon- 
ductor thin film 20 arranged on the surface of the spacers 20 
to immediately nullify any electric charges that may arise on 
the surface of the spacers. 

In an image display apparatus according to the invention, 
the voltage Vf applied to the pair of electrodes 2 and 3 (FIG. 
5) of each cold cathode device is between 12V and 16V and 
the distance d between the metal back 19 and each cold 
cathode device 12 is between 1 mm and 8 mm while the 
voltage Va between the metal back 19 and each cold cathode 
device 12 is between 1 kV and 10 kV 

Now. preferred modes of realizing the spacers of an image 
display apparatus according to the invention will be 
described by referring to FIGS. 7A through 7C. 

Referring firstly to FIG. 7A. it shows a spacer 20 com- 
prising an insulating base member 20a. an electroconductive 
film 20c formed on the surface of the member 20a in areas 
to be made to abut the corresponding areas of the electron 
accelerating electrode 19 (FIGS. 1, 2 5 and 6) and a wiring 
13 or 14 (FIGS. 1 through 3 and 6) and a seiriiconductor film 
206 formed on the surface of the member 20a in areas other 
than the abutting areas coated with an electroconductive film 
20c. The electroconductive film 20c formed in the abutting 
areas of the surface of the member 20a is electrically 
connected to the semiconductor film 206 formed in areas 
other than the abutting areas. 

On the other hand. FIG. 7B shows a spacer 20 comprising 
an insulating base member 20a. an electroconductive film 
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20c formed on the surface of the member 20a in areas to be 
made to abut the corresponding areas of the electron accel- 
erating electrode 19 and a wiring 13 or 14 as well as in some 
areas that are left free and an semiconductor film 206 formed 

3 on die surface of the member 20a in the remaining areas 
other than the abutting area. With such an arrangement, the 
electroconductive film 20c formed In areas to be made to 
abut the corresponding areas of the electron accelerating 
electrode 19 and a wiring 13 or 14 as well as in some areas 
that are left free is electrically connected to the semicon- 

1 ductor film 206 formed in the remaining areas. 

Finally. FIG. 7C shows a spacer 20 cornprising an insu- 
lating base member 20a. a semiconductor film 206 formed 
on the entire surface of the member 20a and an electrocon- 
ductive film 20c formed on the surface of the semiconductor 

15 film 206 In areas to be made to abut the corresponding areas 
of the electron accelerating electrode 19 and a wiring 13 or 
14. The electroconductrve film 20c formed in the abutting 
areas of the surface of the semiconductor film 206 is 
electrically connected to the semiconductor film 206 formed 

20 on the entire surface of the member 20a. 

The semiconductor film 206 can be prepared by using a 
material and a method similar to those described earlier by 
referring to FIGS. 1, 5 and 6, considering the effect of 
preventing electrification of the surface and reducing the 

25 energy consumption by leak currents. 

Since the spacers shown in FIGS. 7 A to 7C are electrically 
connected to a semiconductor film 206 and have a conduc- 
tive film 20c formed on the abutting area, electric current 
can flow uniformly through the whole area of the sernicon- 

30 ductoi film 206 by connecting at least part of the conductive 
film 20c with an electric power supplying means. Thus, 
charged particles can be neutralized without disturbing a 
parallel electric field between the face plate and the electron 
source. 

35 FIG. 8 shows a cross sectional partial view of a display 
panel according to the invention, where a spacer 20 is 
provided with abutment members 40 that include electro- 
conductive members. In FIG. 8, 20 denotes a spacer that 
may be any of the above described ones and 40 denotes 

40 abutment members arranged on the spacer 20. Otherwise, 
there are shown a substrate 11 (soda lime glass) carrying 
thereon a number of row-directed wirings 13. a face plate 17. 
a fluorescent film 18. a metal back 19. a lateral wall 16 and 

4J pieces of frit glass 32. 

Note that as will be described in greater detail hereinafter, 
abutment members 40 provided on a spacer refer to respec- 
tive components of the display panel that electrically con- 
nect and mechanically secure the spacer to the electron 

^ accelerating electrode (or the metal back) and a wiring (a 
row- or column- directed wiring). 

Referring to FIG. 8. a spacer 20 is electrically connected 
to a row-directed wiring 13 on the substrate 11 and the 
electron accelerating electrode (metal back 19) on the face 

ss plate and mechanically secured to them in any of the 
following manners. 

(1) The spacer is electrically connected and mechanically 
secured by means of dectroconductive frit glass containing 
electroconductive fine particles. 

6o (2) The spacer is electrically connected by applying an 
electroconductive material on part of the abutting areas and 
mechanically secured by applying frit glass to the remaining 
portions of the abutting areas. 
(3) The spacer is mechanically secured in the first place by 

65 applying frit glass to the abutting areas and then electrically 
connected by an electroconductive material formed on at 
least part of the abutting areas or the side surface. 
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(4) The spacer is mechanically secured in the first place by a substrate realized by forming an insulation layer of Si0 2 

applying frit glass to the abutting areas and then electrically on any of the above listed substrates, 

connected by flashing a getter material on necessary portions While the oppositely arranged device electrodes 2 and 3 

of the surface of the spacer 20. may be made of any highly conducting material, preferred 

Now. cold cathode devices that are used for the multiple 3 candidate materials include metals such as Ni, Cr, Au. Mo. 
electron beam source of a display panel according to the W, Pt. Ti, Al. Cu, Pd and Ag and their alloys, metal oxides 
invention will be described. Any multiple electron beam such as ln 2 0 3 — Sn0 2 . semiconductor materials such as 
source comprising a number of cold cathode devices poiysilicon and other materials. The device electrodes may 
arranged in the form of a matrix may be used for the purpose be prepared by using in combination a film forming tech- 
of the invention, regardless of the material and the profile of 10 nique such as vapor deposition and a patterning technique 
the cold cathode devices. In other words, cold cathode such as photolithography or etching, although any other 
devices that can be used for the purpose of the invention techniques (such as printing) may also be used, 
include surface conduction electron-emitting devices. FE The device electrodes 2 and 3 may be formed to any 
type cold cathode devices and MTM type cold cathode appropriate shape that suits the application of the electron- 
devices. 15 emitting device. Generally speaking, the distance L separat- 

However, under the current circumstances where image ing the device electrodes 2 and 3 is normally between 

display apparatuses having a large display screen and avail- several hundred angstroms and several hundred micrometers 

able at low cost are desired, the use of surface conduction and. preferably, between several micrometers and tens of 

electron-emitting devices is particularly preferable. As several micrometers. The film thickness d of the device 

described earlier, the electron emission performance of an 20 electrodes is between tens of several nanometers and several 

FE type cold cathode device is highly dependent on the micrometers. 

relative positions and the profiles of the emitter cone and the The electroconductive thin film 4 is preferably a fine 
gate electrode and hence high precision techniques are particle film. The term "a fine particle film" as used herein 
required for manufacturing it. which are by any means refers to a thin film constituted of a large number of fine 
disadvantageous for producing large screen image display 25 particles (including conglomerates such as islands). When 
apparatuses at low cost On the other hand, an MIM type microscopically ovserved, it will be found that the fine 
device requires a very thin insulation layer and an upper particle film normally has a structure where fine particles are 
electrode that needs to be very thin too. These requirements loosely dispersed, tightly arranged or mutually and r an- 
al so provide disadvantages if such devices are used for large domly overlapping. 

screen image display apparatuses that have to be manufac- 30 The fine particles in the fine particle film has a diameter 
tared at low cost Contrary to these devices, a surface between several angstroms and several thousand angstroms 
conduction electron-ernitting device can be manufactured in aa d preferably between 10 angstroms and 200 angstroms, 
a relatively simple manner and, therefore, large screen The thickness of the fine particle film is fctermined as a 
image display apparatuses comprising such devices can be function of a number of factors as will be described 
manufactured at relatively low cost Additionally, the inven- 33 hereinafter, including the requirement of electrically con- 
tors of the present invention have discovered that a surface necting itself to the device electrodes 2 and 3 in good 
conduction electron-emitting device comprising a pair of condition, that, of carrying out an energization forming 
device electrodes and an electroconductive film including an operation as wiil be described hereinafter in good condition 
electron-emitting region arranged therebetween and made of aD d that of making the electric resistance of the film conform 
fine particles is particularly excellent in the performance of to an appropriate value as will be described hereinafter, 
electron emission and can be manufactured with ease. Thus, Specifically it is found several angstroms and several thou- 
such surface conduction electron-emitting devices are very sand angstroms and, preferably, between 10 angstroms and 
preferable when used for the multiple electron beam source 500 angstroms. 

of a large screen image display apparatus mat can produce ^ Materials that can be used for the fine particle film include 

bright images. Therefore, some surface conduction electron- metals such as Pd, Pb, Ru, Ag, Au, Ti, In, Cu, Cr. Fe, Zn, Sn, 

emitting devices that can advantageously be used for the Ta< w and oxides such as PdO, Sn0 2 . In 2 0 3 , PbO and 

purpose of the invention will be described hereinafter in Sb a 0 3 , bcrides such as HfB 2 , ZrB^ LaB 0 . CeB 6 , YB« and 

terms of basic configuration and manufacturing method. GdB 4 , carbides such TiC ZrC HfC TaC SiC and WC, 

There are two types of surface conduction electron- M nitrides such as TIN. ZrN and HfN. semiconductors such as 

emitting devices comprising a pair of device electrodes and Si and Ge and carbon. 

an electroconductive film including an electron-emitting The electroconductive film 4 normally shows a resistance 

region arranged therebetween and made of fine particles. un j t surface area (sheet resistance) between 10 3 and 10 7 

They are a flat type and a step type. CUD. 

Firstly, a flat type surface conduction electron-emitting ss The electroconductive film 4 and the device electrodes 2 

device will be described along with a method of manufac- and 3 are arranged in a partly overlapped manner in order to 

turing the same. secure good electric connection therebetween. While the 

FIGS. 9A and 9B are schematic plan and sectional side substrate 1. the device electrodes 2 and 3 and the electro- 
views showing the basic configuration of a flat type surface conductive film 4 are laid in the above order to a multilayer 
conduction electron-emitting device. Referring to FIGS. 9A so structure in FIGS. 9 A and 9B. the electroconductive film 
and 9B, the device comprises a substrate 1, a pair of device may alternatively be arranged between the substrate and the 
electrodes 2 and 3, an electroconductive film 4 including an device electrodes. 

electron-emitting region 5 produced by means of an ener- The electron-emitting region 5 is realized as part of the 

gization forming operation. electroconductive thin film 4 and it contains fissures and is 

The substrate 1 may be a glass substrate of quartz glass. 65 electrically more resistive than the surrounding areas of the 

soda lime glass or some other type of glass, a ceramic electroconductive film. It is produced as a result of an 

substrate made of alumina or some other ceramic material or energization forming operation as will be described herein - 
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after. Hie fissures may contain fine particles having a An energization forming operation is an operation with 

dimater between several angstroms and several hundred which the electrooonductive film 4 of fine particles is 

angstroms. The electron-emitting region is only schemati- electrically energized and partly destroyed, deformed or 

cally shown in FIGS. 9A and 9B because there is no way to changed to produce a region that is structurally suited to emit 

accurately determine its position and shape. 5 electrons. Fissures are appropriately formed in the structur- 

As shown in FIGS. 10A and 10B, the electroconductive ally modified region suited to emit electrons (or electron- 
film 4 may additionally contain thin films 6 of carbon and emitting region 5). The electron-emitting region 5 shows a 
carbon compounds in the electron-emitting region 5 and its la^c electric resistance if compared with that portion of the 
neighboring areas. These films are produced when the electroconductive film before it is produced when a voltage 
device is subjected to an energization activating operation 10 j s ^ p |ied between the device electrodes 2 and 3. 
after an energization forming operation, which will be The energization forming operation will now be described 
described hereinafter. further by referring to FIG. 12 that illustrates a typical 

The thin films 6 are made of monocrystalline graphite. waV eform of the voltage applied by the forming power 

polycry stalline graphite, non-crystalline carbon or a mixture sourcc 2 2>A pulse-shaped voltage is preferably used for the 

of them and have a film thickness of less than 500 15 operation 0 f electrically forming an electroconductive film 

angstroms, preferably less than 300 angstroms. 0 f ft ne particles. An increasing triangular pulse voltage 

The thin films 6 are only schematically shown in FIGS. showing triangular pulses with an increasing pulse height 

10A and 10B because there is no way to accurately deter- Vpf as iu ustra tcd in FIG. 12 is preferably used as in the case 

mine their positions and shape. 0 f the examples that will be described hereinafter, said 

In the examples as will be described hereinafter, surface 20 triangular pulses having a width of Tl and appearing with an 
conduction electron-emitting devices having a basic con- interval of T2. Additionally, a monitor pulse Pm is appro- 
figuration as described above were prepared according to the priately inserted in the above triangular pulses to detect the 
following specifications. electric current given rise to by that pulse and hence the 

The substrate 1 is made of soda lime glass and the device operation of the electroD-cmitting region 5 by means of an 

electrodes 2 and 3 are made of a thin Ni film having a 25 ammeter 23. 

thickness d of 1.000 angstroms and separated from each the examples that will be described hereinafter, a pulse 

other with a distance L of 2 micrometers. widAi Tl of 1 millisecond and a pulse interval T2 of 10 

The electroconductive film is principally made of Pd or milliseconds were used in a vacuum atmosphere of typically 

PdO and has a film thickness of about 100 angstroms and a 1x10"* Torr. The height of the triangular pulses was raised 

width W of 100 micrometers. 30 by an increment of 0. IV and a monitor pulse Pm is inserted 

Now. a method of manufacturing a flat type surface for every five triangular pulses. The voltage of the monitor 

conduction electron-emitting device will be described. pulse Pm is set to 0. IV so that it may not adversely affect the 

FIGS. HA to 11E are schematic elevational cross sec- energization forming operation. The energization forming 

tional views of a surface conduction electron-emitting operation is terminated when typically a resistance greater 

device that can be used for the purpose of the invention. 35 than IxlO 6 ohms is observed between the device electrodes 

illustrating different manufacturing steps thereof. 2 and 3 or the electric current detected by the ammeter 23 

1) Firstly, a pair of device electrodes 2 and 3 are formed when a monitor pulse is applied is less than IxlO -7 A. 

on a substrate 1 as shown in FIG. 11A. Note that the above described numerical values for the 

After thoroughly cleaning the substrate 1 with a detergent ^ energization forming operation are cited only as preferred 

pure water and an organic solvent, the material of the device examples and they may preferably and appropriately be 

electrodes is formed on the insulating substrate 1 by appro- modified when the different values are selected for the 

priate film deposition means using vacuum such as vacuum thickness of the electroconductive film of fine particles, the 

deposition or sputtering and the deposited material is then distance L separating the device electrodes and other design 

etched to show a given pattern by photolithography etching. 4J parameters. 

2) Then, an electroconductive film is formed as shown in 4) After the energization foaming operation, the device 
FIG. 11B. may be subjected to an energization activation process to 

An organic metal solution is applied to the substrate of form a thin film 6 as mentioned by referring to FIG. 10, 

FIG. 11A and thereafter dried, heated and baked to produce where an appropriate voltage is applied between the device 

a fine particle film, which is then etched to show a given x electrodes 2 and 3 from an activation power source 24 to 

pattern by photolithography etching. The organic metal improve the electron emission characteristics of the device 

solution is a solution of an organic compound containing as as shown in FIG. 11D. 

a principal ingredient thereof a metal with which an elec- An energization activation process is an operation where 

troconductive film is formed on the substrate. In the the electron-emitting region 5 that has been produced as a 

examples as will be described hereinafter. Pd was used for 55 result of the above energization forming operation is elec- 

the principal ingredient While a dipping technique was used tricaUy energized until carbon or a carbon compound Is 

to apply the solution on the substrate, a spinner or a sprayer deposited near that region. (In FIG. 11D, the carbon or 

may alternatively be used carbon compound deposits are schematically illustrated and 

Techniques for forming an electroconductive film of fine denoted by reference numeral 6.) After the energization 

particles on the substrate include vacuum deposition, sput- 60 activation, the dectron- emitting region of the device emits 

tering and chemical vapor phase deposition other than the electrons at a rate more than 100 times greater than the rate 

above technique of applying an organic metal solution. of electron emission before the activation process If a same 

3) Thereafter, an appropriate voltage is applied to the voltage is applied. 

device electrodes 2 and 3 by a forming power source 22 to More specifically, a pulse voltage is periodically applied 

carry out an energization forming operation on the electro- 65 to the device In vacuum of a degree between 10~* and 10~ s 

conductive film and produce an electron-emitting region 5 in Torr so that carbon and carbon compounds may be deposited 

the electroconductive film. on the device out of the organic substances existing in the 
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vacuum. The deposits 6 is typically made of monocrystalline conduction electron-emitting device. Note that the materials 

graphite, noncrystalline graphite, non-crystalline carbon or described above for a flat type surface conduction electron- 

a mixture thereof and have a film thickness of less than 500 emitting device may also be used for the substrate 1, the 

angstroms, preferably less than 300 angstroms. device electrodes 2 and 3 and the electroconductive film 4 of 

FIG. 13A shows a typical waveform of the voltage applied 5 fine particles of a step type surface conduction electron- 

by the activation power source 24 in FIG. 11D. In examples emitting device. The step-fcrming section 28 is typically 

that will be described hereinafter, a rectangular pulse voltage made of an insulating material such as SiO a . 

having a constant height was periodically applied in the A method of manufacturing a step type surface conduc- 

energization activation process. The rectangular pulse volt- tion electron-emitting device will be described below by 

age Vac was 14V and the pulse wave had a pulse width T3 1° referring to FIGS. 16A to 16F. Reference numerals in FIGS, 

of 1 millisecond and a pulse interval T4 of 10 milliseconds. 16A to 16F are the same as those in FIGS. 14 and 15. 

Note that the above described numerical values for the 1) A device electrode 2 is formed on a substrate L as 

energization activation process are cited only as preferred shown in FIG. 16A. 

examples and they may preferably and appropriately be 2) Then, an insulation layer 28 is laid on the substrate 1 

modified when the different values are selected for the 13 to produce a step-forming section as shown in FIG. MB. The 

design parameters of the surface conduction electron- insulation layer may be made of Si0 2 by appropriate means 

emitting device. selected from sputtering, vacuum deposition, printing and 

In FIG. 11D, reference numeral 25 denotes an anode for other film forming techniques, 

seizing the emission current Ie emitted from the surface 3) Thereafter, another device electrode 3 is formed on the 

conduction electron-emitting device, to which a DC high insulation layer 28 as shown in FIG. 16C. 

voltage power source 26 and an ammeter 27 are connected. 4) Subsequently , ^ i nsu ifltion layer 28 is partly removed 

(If the activation process is carried out after the substrate 1 typ ica iiy by etching to expose the device electrode 2 as 

is mounted on the display paneL the fluorescent plane of the shown in FIG 16D 

display panel may be used foe the anode 2S) 5) Then, an eleciroconducdve film 4 of fine panicles is 
While a voltage is being applied by fce activation power formed „ ±ovm ^ na 16E ^ de clroconductive film 
source 24. the emission current Ie is observed by means of ^ ^ icaU b application as in the case of a 
the ammeter 27 to monitor the progress of the energization fla , ^ slilfzce conduction electron-emitting device, 
activation process so that the activation power source may ,/JL . , ., „. _ . . . . 
be operated under control. FIG. 13B showTa typical behav- w 6) hereafter, like the case of a flat type surface conduc- 
tor witt. time of the emission current Ie observed by means 30 Uon decfro^^g *™ce is subjected to an 
of the ammeter 27. As seen from FIG. 13B. although the ea£ ^ zaUon . fc "T m f8 t 0 P era ^° to P^ a<x ™ dcctr0Q - 
emission current Ie increases with time to the initial tttges £2 r u TtTl 
of application of a pulse voltage, it eventually becomes n>entofFIG. UCdescr^eartobyre^gtoaflattype 
saturated and stops increasing. The energization activation „ surface conductlon dectron-emttung device, 
process is terminated by stopping the supply of power from 7 > Finally, as in the case of a flat type surface conduction 
the activation power source 24 when the emission current Ie electron-emitting device, the device may be subjected to an 
gets to a saturation point energization activation process to deposit carbon or a carbon 
Note that the above described numerical values for the compound near the electror^tting region^If such is the 
energization activation process are cited only as preferred ^ ca f* arrangement of FIG. 11D described earlier by 
examples and they may preferably and appropriately be 40 referring to a flat type surface conduction electron-emitting 
modified when the different values are selected for the <** usc4 - 

design parameters of the surface conduction electron- With the above manufacturing steps, a step type surface 

emitting device. conduction electron-emitting device as shown in FIG. ItiF is 

With the above manufacturing steps, a flat type surface 45 produced, 

conduction electron-emitting device as shown in FIG. 11E is Now, some of the basic features of an electron-emitting 

produced. device according to the invention and prepared in the above 

Now. a step type surface conduction electron-emitting described manner will be described below when it is used for 

device will be described along with a method of manufac- an display apparatus. 

turing the same. 50 FIG. 17 shows a graph schematically illustrating the 

FIGS. 14 and 15 are schematic sectional side views relationships between the emission current Ie and the 

showing the basic configuration of a step type surface device-applied voltage Vf and between the device current If 

conduction electron-emitting device. Referring to FIGS. 14 and foe device-applied voltage Vf of a surface conduction 

and 15, the device comprises a substrate 1. a pair of device electron-emitting device when used for an image display 

electrodes 2 and 3, a step-forming section 28. an electro- 55 apparatus. Note that different units are arbitrarily selected 

conductive film 4 including an electron-emitting region 5 ftw k ««* If in FIG. 17 in view of the fact that the emission 

produced by means of energization forming operation and current Ie has a magnitude by far smaller than that of the 

thin films 6 formed by an energization activation process. device current If and the performance of the device can vary 

A step type surface conduction electron-emitting device remarkably by changing the design parameters, 

differs from a flat type device in that one of the device 60 An electron-emitting device according to the invention 

electrodes, or electrode 3 is arranged on the step-fcrming has three remarkable features in terms of emission current 

section 28 and the electroconductive film 4 covers a lateral Ie, which will be described below, 

side of the step-forming section 28. Thus, the distance L Firstly, an electron-emitting device according to the 

separating the device electrodes of the flat type surface invention shows a sudden and sharp increase in the emission 

conduction electron-emitting device of FIGS. 9A. 9B or that 65 current Ie when the voltage applied thereto exceeds a certain 

of FIGS. 10A and 10B corresponds to the height Ls of the level (which is referred to as a threshold voltage hereinafter 

step of the step-forming section 28 of a step type surface Vth). whereas the emission current Ie is practically unde- 
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tcctablc when the applied voltage is found lower than the 
threshold value Vth. 

Differently stated, an electron-emitting device according 
to the invention is a non-linear device having a clear 
threshold voltage Vth to the emission current Ie. 

Secondly, since the emission current Ie is highly depen- 
dent on the device voltage Vf . the former can be effectively 
controlled by way of the latter. 

Thirdly, the electric charge of the electrons emitted from 
the device can be controlled as a function of the duration of 
time of application of the device voltage Vf because the 
emission current Ie produced by the electrons emitted from 
the device responds very quickly to the voltage Vf applied 
to the device. 

Because of the above remarkable features, it will be 
understood that surface conduction electron-emitting 
devices according to the invention can suitable be used for 
image display apparatuses. By utilizing the first character- 
istic feature, an image can be displayed on the display screen 
by sequentially scanning the screen. More specifically, a 
voltage higher than the threshold voltage Vth is applied to a 
device to be driven to emit electrons as a function of the 
desired brightness, whereas a voltage lower than the thresh- 
old is applied to a device to be driven so as not to emit 
electrons. In this way. all the devices of the display apparatus 
are sequentially driven to scan the display screen and display 
an image. 

Additionally, by utilizing die second or the third charac- 
teristic feature, the brightness of each device can be con- 
trolled to consequently control the tone of the image being 
displayed. 

An image forming apparatus or an image display appa- 
ratus according to the invention can be driven in a manner 
as described below by referring to FIGS. 18 to 21. 

FIG. 18 is a block diagram of a drive circuit for carrying 
out the drive methods which are designed for image display 
operation using NTSC television signals. In FIG. 18. refer- 
ence numeral 1701 denotes a display panel prepared in a 
manner as described above. Scan circuit 1702 operates to 
scan display lines whereas control circuit 1703 generates 
input signals to be fed to the scan circuit. Shift register 1704 
shifts data for each line and line memory 1705 feeds 
modulation signal generator 1707 with data for a line. 
Synchronizing signal separation circuit 1706 separates a 
synchronizing signal from an incoming NTSC signal 

Each component of the apparatus of FIG. 18 operates in 
a manner as described below in detail. 

The display panel 1701 is connected to external circuits 
via terminals Dxl through Dxm, Dyl through Dyn and high 
voltage terminal Hv. of which the terminals Dxl through 
Dxm are designed to receive scan signals for sequentially 
driving on a one-by-one basis the rows (of n devices) of a 
multiple electron beam source in the display panel 1701 
comprising a number of surface-conduction type electron- 
emitting devices arranged in the form of a matrix having m 
rows and n columns. 

On the other hand, the terminals Dyl through Dyn are 
designed to receive a modulation signal for controlling the 
output electron beam of each of the surface-conduction type 
electron-emitting devices of a row selected by a scan signal 
The high voltage terminal Hv is fed by a DC voltage source 
Va with a DC voltage of a level typically around 5 kV, which 
is sufficiently high to energize die fluorescent bodies by 
electrons emitted from the selected surface-conduction type 
electron-emitting devices. 



20 

The scan circuit 1702 operates in a maimer as follows. 
The circuit comprises m switching devices (of which only 
devices SI and Sm are schematically shown in FIG. 18). 
each of which takes either the output voltage of the DC 

5 voltage source or OV (the ground voltage) and comes to be 
connected with one of the terminals Dxl through Dxm of the 
display panel 176 L Each of the switching devices SI 
through Sm operates in accordance with control signal Tscan 
fed from the control circuit 1703 and can be prepared by 

io combining transistors such as FEIs. 

The DC voltage source Vx is designed to output a 
constant voltage so that any drive voltage applied to devices 
that are not being scanned is reduced to less than threshold 
voltage Vth as described earlier by referring to FIG. 17. 

15 The control circuit 1703 coordinates the operations of 
related components so that images may be appropriately 
displayed in accordance with externally fed video signals. It 
generates control signals Tscan, Tsft and Tmry in response 
to synchronizing signal Tsync fed from the synchronizing 

20 signal separation circuit 1706, which will be described 
below. 

The synchronizing signal separation circuit 1706 sepa- 
rates the synchronizing signal component and the luminance 
signal component from an externally fed NTSC television 

25 signal and can be easily realized using a popularly known 
frequency separation (filter) circuit Although a synchroniz- 
ing signal extracted from a television signal by the synchro- 
nizing signal separation circuit 1706 is constituted, as well 
known, of a vertical synchronizing signal and a horizontal 

30 synchronizing signal, it is simply designated as Tsync signal 
here for convenience sake, disregarding its component sig- 
nals. On the other hand, a luminance signal drawn from a 
television signal, which is fed to the shift register 1704, is 
designed as DATA signaL 

35 The shift register 1704 carries out for each line a serial/ 
parallel conversion on DATA signals that are serially fed on 
a time series basis in accordance with control signal Tsft fed 
from the control circuit 1703. In other words, a control 
signal Tsft operates as a shift clock for the shift register 

40 1704. 

A set of data for a line that have undergone a serial/ 
parallel conversion (and correspond to a set of drive data for 
n electron- emitting devices) are sent out of the shift register 

4S 1704 as n parallel signals Idl through Idn. 

Line memory 1705 is a memory for storing a set of data 
for a line, which are signals Idl through Idn, for a required 
period of time according to control signal Tmry coming 
from the control circuit 1703. The stored data are sent out as 

53 Tdl through Tdn and fed to modulation signal generator 
1707. 

Said modulation signal generator 1707 is in fact a signal 
source that appropriately drives and modulates the operation 
of each of the surface-conduction type electron-emitting 

55 devices and output signals of this device are fed to the 
surface-conduction type electron-emitting devices in the 
display panel 1701 via terminals Dyl through Dyn. 

The display panel 1701 is driven to operate in a manner 
as described below. 

60 As described above by referring FIG. 17. surface conduc- 
tion electnm-enutting device according to the present inven- 
tion is characterized by the following features in terms of 
emission current Ie. Firstly, as seen in FIG. 17. there exists 
a clear threshold voltage Vth (8V for the electron-emitting 

65 devices of the examples that wQl be described hereinafter) 
and the device emit electrons only when a voltage exceeding 
Vth is applied thereto. 
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Secondly, the level of emission current Ie changes as a M=l,024) surface conduction electron-emitting devices, 

function of the change in the applied voltage above the each having an electron-emitting region formed in an elec- 

threshold level Vth also as shown in FIG. 17, although the troconductive film arranged between a pair of device 

value of Vth and the relationship between the applied electrodes, along with M row-directed wirings and N 

voltage and the emission current may vary depending on the 5 column-directed wirings arranged in the form of a matrix for 

materials, the configuration and the manufacturing method connecting the devices was used. 

of the electron-emitting device. Firstly, a substrate 11' carrying thereon a total of NxM 
a * ~™.™or,# ~f «k« A ^, A rt .v rtli:t A~*~ih-A electroconductive films of fine particles along with N row- 
As each component of the dnve circuit has been described d ^ ^ M ^^^ected wiring arranged in 

above in detad 1^ referring to FIG. 18, toe operation of the ^ fofm of a ^ fa mc ^ * as 

display pand 1701 wrtl now be discussed here in detail by «> fey fMmg me mnufacturmg s fep S m^ted in FIGS. 

referring to FIGS. 19 through 21 as illustrating surface 22A through 22H. Note that Steps a through h correspond to 

conduction electron-enutting devices with a Vth value of 8V 22A through 22H 

to be used as a cold cathod device in examples described Stcp a: ^ cleansing a soda lime glass plate 

later, and then the overall operation of the examples will be a silicon oxide ^ was f on ned thereon to a thickness of 0.5 

described. 15 um by sputtering to produce a substrate 11', on which Cr and 

For the sake of convenience of explanation, it is assumed Au were sequentially laid to thicknesses of 50 angstroms 

here that the display panel comprises 6x6 pixels (or m=n=6). and 5,000 angstroms respectively and then a photoresist 

* The multiple electron beam source of FIG, 19 comprises (AZ1370: available from Hoechst Corporation) was formed 

surface^onduction type electron-emitting devices arranged „ *™°n by means of a spinner, and baked Thereafter, a 

and wired in the form of a matrix of six rows and six 20 Photo-mask image was exposed to nght and developed to 

columns. For the convenience of description, a (X, Y) ft 0 *"* V^'Pff ^ or ^lurnn^ted wmngs 14 and 

coordinate is used to locate the devices. Thus, the locations !2^£^ Ififf^ 

- . . . - . ^ column-directed wirings 14 having an intended profile, 

of the devices are expressed as, for example, D(l. 1), D(l. «* t a i- \> * a t 

2 . . \ * \ g te p jj. ^ smcon oxide film was formed as an interlayer 

} ^ } ' 25 insulation layer 33 to a thickness of 1.0 um by RF sputtering. 
In the operation of displaying images on the display panel Stcp c: A photoresist pattern was prepared for producing 
by driving multiple electron beam sources as described a contac t hole 33a in the silicon oxide film 14 deposited in 
above, an image is divided into a number of narrow strips, step b. which contact hole 33a was then actually formed by 
or lines as referred to hereinafter, running in parallel with the etching the interlayer insulation layer 33, using the photo- 
X-axis so that the Image may be restored on the panel when 30 resist pattern for a mask. A technique of RIE (Reactive Ion 
all the lines are displayed there* the number of lines being Etching) using CF 4 and H 2 gas was employed for the etching 
assumed to be six here. In order to drive a row of surface operation. 

conduction electron-emitting devices that is responsible for Step d: Thereafter, a pattern of photoresist (RD-2000N- 
an image line, 0V is applied to the terminal of the horizontal 41 : available from Hitachi Chemical Co.. Ltd.) was formed 
wire corresponding to the row of devices, which is one of 35 for a pair of device electrodes and a gap separating the pair 
Dxl through Dx6, while 7V is applied to the terminals of all of electrodes and then Ti and Ni were sequentially deposited 
the remaining wires. In synchronism with this operation, a thereon respectively to thicknesses of 50 A and 1,000 A by 
modulation signal is given to each of the terminals of the vacuum deposition for each surface conduction electron- 
vertical wires Dyl through Dy6 according to the image of emitting device. The photoresist pattern was dissolved by an 
the corresponding line. 40 organic solvent and the NLffi deposit film was treated by 

Assume now that an image as illustrated in FIG. 20 is usm 8 a m -°8 technique to produce a pair of device elec- 

displayed on the panel txodss havm 8 a width W (FIG. 9A) of 300 um and separated 

Assume further that. inHG. 20, the operation is currently b ? ■ L (FIG. »A) of 3 um. 

on the stage of making the third line turn bright FIG. 21 , S ^ e: ^ formmg a photoresist pattern on toe device 

shows what voltages arc applied to the multiple electron « electrodes 2 and 3 for row-4irected winngs 13, Ti and Au 

beam source by way of the terminals Dxl through Dx6 and were sequenhaUy deposited by vacuum deposition to respec- 

Dyl through Dy6. As seen in FIG. 21, a voltage of 14V Uve ^cknesses of 50 angstroms and 5,000 angstroms and 

which is by far above the threshold voltage of 8V for ^ unnccessar y areas were removed by means of a lift-off 

electron emission is applied to each of the surface conduc- technique to produce row-directed wirings 13. 

tion type electron-emitting devices D(2. 3), D(3, 3) and D(4, 50 Ste P f : A mask having an opening 35 that partly exposed 

3) (black devices) of the beam source, whereas TV or 0V is b 0 * dmcc electrodes separated by distance L as shown in 

applied to each of the remaining devices (7V to shaded F 10 - 23 was used to form a Cr film 34 to a film thickness of 

devices and 0 V to white devices). Since these voltages are 1 - 000 angstroms by vacuum deposition, which was then 

lower than the threshold voltage of 8V, these devices do not subjected to a patterning operation. Thereafter, an organic 

emit electron beams at all 55 Pd solution (ccp4230: available fromOkuno Pharmaceutical 

In the same way. the multiple electron beam source is Co..1A) wm i^ 
driven to operate for all me other lines. The lines are driven and bal^ at 300 C fox 10 irmutes 
sequentially, starting from the first line and the operation of , n * foimc ? eledroconductive film for producing an 
driving all the lines is repeated at a rate of 60 times per eiecn-on-emitting region was made of fine particles contain- 
second so that images may be displayed without flickering. 60 w as a P^Pf 1 'n*edient and had a film thickness of 

100 angstroms and an electric resistance per unit area of 

EXAMPLES 5x10* fid. Note that, an electroconductive film of fine 

particles is a film made of aggregated fine particles, where 

Now. the present invention will be described in greater fine particles may be in a dispersed, adjacently arranged or 

detail by way of examples. 65 overlapped (including an islands structure) state, the fine 

In each of the examples described below, a multiple particles having a diameter recognizable in any of the above 

electron beam source comprising a total of NxM (N=3,072. listed states. 
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Note that an organic metal solution (other than an organic A deposit of tin oxide was formed to a thickness of 1 .000 

Pd solution used here) containing as a principal ingredient angstroms by ion plating* using an electron beam method, in 

Pd. Ru. Ag. Au. 1L In. Cu, Cr, Fe. Zn, Sn. Ta, W or Pb may an argon/oxygen atmosphere as a semiconductor thin film 

be used for the purpose of the invention. While an organic 20b on the soda lime glass made insulating member 20a of 

metal solution was applied in the above description for 5 each spacer 20 that had been thoroughly cleansed The 

preparing an electroconductive film, from which an electric resistance of the surface of the semiconductor thin 

electron-emitting region was produced, any other appropri- film 205 was about lxlO -9 OJO. 

ate technique selected from vacuum deposition, sputtering. For the above bonding operation, the rear plate 15. the 

chemical vapor phase deposition, dispersive application. face plate 17 and the spacers 20 were carefully aligned in 

dipping and spinning may alternatively be used. 1Q order to ensure an accurate positional correspondence 

Step g: The Cr film 34 was removed by an acid etchant to between the color fluorescent members 21 and the electro- 
produce an electron-emitting region having a desired pat- conductive films 4 for producing electron-emitting regions 
tern. arranged on the substrate 11'. 

Step h: Then, a pattern for applying photoresist to the The inside of the prepared envelope (airtightly sealed 

entire surface area except the contact hole 33a was prepared 15 container) was then evacuated by way of an exhaust pipe and 

and Ti and Au were sequentially deposited by vacuum a vacuum pump to a sufficient degree of vacuum and, 

deposition to respective thicknesses of 50 angstroms and thereafter, a voltage having a waveform as shown in FIG. 12 

5,000 angstroms. Any unnecessary areas were removed by was applied to the electroconductive films 4 for producing 

means of a lift-off technique to consequently bury the electron-emitting regions by way of the external tenninals 

contact hole 33a. 20 D*l through Dxm and Dyl through Dyn to carry out an 

By following the above steps, a total of MxN electrocon- electrically energizing process (energization forming 

ductive films 4 (for electron-emitting regions) that are process) on the electroconductive films 4 for producing 

respectively connected to M row-directed wirings 13 and N electron-emitting regions. Consequently, electron-emitting 

column-directed wiring 14 by way of respective device regions were formed on the respective electroconductive 

electrodes 2 and 3 were produced in the form of a matrix on 25 films 4 to produce a multiple electron beam source com- 

the insulating substrate IV. prising surface conduction electron-emitting devices, or cold 

cathode devices, wired by a plurality of wirings arranged in 

(Example 1-1) the form of a matrix as shown in FIQS. 2 and 3. 

In this example, a display panel on which a number of Thereafter, when the inside of the envelope reached to a 
spacers were arranged as shown in FIG. 1 was prepared. 30 degree of vacuum of 10 -6 Ton, the exhaust pipe (not shown) 
This example will be described by referring to FIGS. 1 and was se aled by heating and melting it wife a gas burner to 
2. A substrate 11' on which a plurality of electroconductive hermetically seal the envelope (airtightly sealed container), 
films for producing electron-emitting regions had been Finally, the display panel was subjected to a getter opera- 
arranged and wired to form a matrix was secured to a rear don in to maintain the inside to a high degree of 
plate. Then, a semiconductor thin film 2Mb of tin oxide was 35 vacuunL 

turned on four of the surfaces of the msulating rnemter 20a fc ^ tQ ^ ^ ^ ^^p^ apparatus 

£ «** g^f of J** s Pf^ ?°^^ m: 5 ™* comprising a display panel as illustrated in FIGS. 1 and 2, 
thickness: 200 urn, length: 20 mm) that had been exposed to sc ^ gna i s ^ modulation signals were applied to the cold 
the inside of the envelope (aiitighdy sealed container) and catho< £ (surface conduction electron-emitting 
the spacers 20 were secured on the substrate 11 on respec- «, devices) u t0 emit electroQS from respective signal genera- 
tive row-directed wirings 13 in parallel with the wirings 13 ^ meaQS ^ ^ ^ external tenninals Dxl through 
at regular intervals. Thereafter a face plate 17 carrying a ^ and Dyl through Dyn, while a high voltage was 
fluorescent film 18 and a metal back 19 on the inner surface to the metal back 19 by way of the high voltage 
thereof was arranged 5 mm above the substrate 11 with tenninal Hv so that electrons emitted from the cold cathode 
lateral walls 16 disposed therebetween and, subsequenUy 45 were accderatea by the high voltage and collided 
the rear plate 15, the face plate 17. the lateral walls 16 and ^ mc fiuorescent ^ lg t0 ^sc the fluorescent mem- 
the spacers 20 were secured relative to each other. ^ %u ofre4 g^n and blue (FIG. 24) to excite to emit 

Frit glass (not shown) was then applied to the contact light and produce images. The voltage Va applied to the high 

areas of the substrate IT and the rear plate 15, the rear plate vo uage tenninal Hv was from 3 kV to 10 kV, whereas the 

and the lateral walls 16 and the face plate 17 and the lateral 50 voltage Vf applied between the wirings 13 and 14 was 14V. 

walls 16 and ba*ed at 400° to 500° C. in the ambient air for Undcr ^ regularly arranged glowing spots 

more than 10 minutes to hermcUcally seal the container. wcre two.dimensionaUy formed at regular intervals on the 

The spacers 20 were bonded to the respective row- scrccn electrons emitted from the cold cathode 

directed wirings 13 (width: 300 urn) on the substrate 11* and devices 12 including those located near the spacers 20 to 

to the metal back 19 on the side of the face plate 17 by 55 produce clear and sharp images on the screen. This proved 

applying electroconductive frit glass (not shown) containing ^ ^ spaoas 2 # did not give rise to any disturbances to 

an electroconductive material such as metal and baking it at ^ ^^^^ fi cl ds in the display apparatus that could 

400° to 500° C. in the ambient air for more than 10 minutes advcrsc i y affect the trajectories of electrons, 
so that electric connection was established therebetween. 

In the above example, the fluorescent film 18 comprised 60 (Example 1-2) 

stripe-shaped fluorescent members 21a of red, green and This examples differ from Example 1-1 only in that a 

blue extending along the Ydirection and black electrocon- deposit of tin oxide was formed to a thickness of 1,000 

ductive members 21b separating any adjacent fluorescent angstroms by ion plating, using an electron beam method, in 

members and pixels arranged in the Y-direction. The spacers an oxygen atmosphere as a semiconductor thin film 206 on 

20 were located within the width (300 urn) of the respective 65 each spacer 20 in this example. The electric resistance of the 

black electroconductive members Zlb with the metal back surface of the semiconductor thin film 20£ was about 1x10" 

19 disposed therebetween. £/□. 
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In oidcr to drive the prepared image-display apparatus fluorescent film 18. Said rTO film provided electric connec- 

comprising a display panel* scan signals and modulation tion between the blade electroconductive members 21b 

signals were applied to the cold cathode devices (surface (FIG. 24) and the high voltage terminal Hv (FIG. 2). The 

conduction electron-emitting devices) 12 to emit electrons height of the spacers 20 and the distance between the 

from respective signal generation means by way of the 5 substrate IV and the face plate 17 were lmm Otherwise, the 

external terminals Dxl through Dxm and Dyl through Dyn. display panel of this example was identical with that of 

while a high voltage was applied to the metal back 19 by Example 1-1. 

way of the high voltage terminal Hv so that electrons emitted in order to drive the prepared image-display apparatus 

from the cold cathode devices were accelerated by the high comprising a display panel, scan signals and modulation 

voltage and collided with the fluorescent film 18 to cause the 10 signals were applied to the cold cathode devices (surface 

fluorescent members 21a to excite to emit light and produce conduction electron-emitting devices) 12 to emit electrons 

images. The voltage Va applied to the high voltage terminal from respective signal generation means by way of the 

Hv was from 3 kV to 10 kV, whereas the voltage Vf applied external terminals Dxl through Dxm and Dyl through Dyn, 

between the wirings 13 and 14 was 14V. w hilc a high voltage was applied to the transparent electrode 

Under this condition, it was confirmed as a result of 15 of TTO film by way of the high voltage terminal Hv so that 

comparison with an image display apparatus comprising electrons emitted from the cold cathode devices were accel- 

spacers without a semiconductor thin film 20!? that the crated by the high voltage and collided with the fluorescent 

display panel was effectively protected against undesired film 18 to cause the fluorescent members 2la (FIG. 24) to 

electric charges as in the case of Example 1-1. excite to emit light and produce images. The voltage Va 

20 applied to the high voltage terminal Hv was from 10V to 

(Example 1-3) lOOV, whereas the voltage Vf applied between the wirings 

This examples differs from Example 1-1 in that a deposit 13 and 14 was l4v 

of tin oxide was formed to a thickness of L0O0 angstroms Under this condition, regularly arranged glowing spots 

by ion plating, using an electron beam method, in an argon were two-dimensionally formed at regular intervals on the 

atmosphere as a semiconductor thin film 20b on each spacer 25 display screen by electrons emitted from the cold cathode 

20 in this example. The electric resistance of the surface of devices 12 including those located near the spacers 20 to 

the semiconductor thin film 20£> was about IxlO 7 fl/D. produce clear and sharp images on the screen. This proved 

Besides, no metal back 19 was used and a transparent that the spacers 20 did not give rise to any disturbances to 

electrode of ITOfilm was arranged between the face plate 17 the electric fields in the display apparatus that could 

and the fluorescent film 18. Said TTO film provided electric 30 adversely affect the trajectories of electrons, 

connection between the black electroconductive members As seen from the above description, the image display 

21b (FIG. 24) and the high voltage terminal Hv (FIG. 2). apparatuses of the above examples have the following 

Otherwise, the display panel of this example was identical effects. 

with mat of Example 1-1. ^ Firstly, since electric charges that have to be removed 

In order to drive the prepared image-display apparatus appear only on the surface of the spacers 20. the spacers 20 

comprising a display panel scan signals and modulation are required only to prevent electric charges from appearing 

signals were applied to the cold cathode devices (surface on the surface. In the above examples, a semiconductor thin 

conduction electron-emitting devices) 12 to emit electrons film 2Qb was formed on the insulating member 20a of each 

from respective signal generation means by way of the w spacer 20 so that the spacer 20 showed a sufficiently low 

external terminals Dxl through Dxm and Dyl through Dyn. electric resistance on the surface that could neutralize any 

while a high voltage was applied to the transparent electrode electric charge that might appear on the surface and a flow 

of ITO film by way of the high voltage terminal Hv so that rate of leak current that did not significantly raise the power 

electrons emitted from the cold cathode devices were accel- consumption level of the apparatus. In short, flat type image 

erated by the high voltage and collided with the fluorescent 45 forming apparatuses having a large display screen were 

film 18 to cause the fluorescent members 21a to excite to realized without adversely affecting the advantage of cold 

emit light and produce images. The voltage Va applied to the cathode devices or surface conduction electron-emitting 

high voltage terminal Hv was less than 1 kV, whereas the devices of a very low heat generation rate, 

voltage Vf applied between the wirings 13 and 14 was 14V. Secondly, since the spacers 20 had an evenly flat cross 

Under this condition, regularly arranged glowing spots 50 section relative to the normal of the substrate 11 and the face 

were two-dimensionally formed at regular intervals on the plate 17 shown in FIGS. 1 and 2. they did not disturb any 

display screen by electrons emitted from the cold cathode electric fields within the apparatus. Thus, unless the spacers 

devices 12 including those located near the spacers 20 to 20 blocked the trajectories of electrons from the cold cath- 

produce clear and sharp images on the screen. This proved ode devices 12. they could be placed close to the cold 

that the spacers 20 did not give rise to any disturbances to 55 cathode devices 12 and therefore the latter could be arranged 

the electric fields in the display apparatus that could densely along the X-direction that was perpendicular rela- 

adversely affect the trajectories of electrons. tive to the spacers 20. Additionally, since any leak currents 

did not flow through the insulating member 20a that occu- 

(Example 1-4) pied most of the cross section of each spacer 20. small leak 

This examples differs from Example l-l in that a deposit 60 currents, if any. could be effectively suppressed without any 

of tin oxide containing a dopant was formed to a thickness additional arrangements such as using pointed spacers 20 to 

of 1.000 angstroms by ion plating, using an electron beam bonded to the substrate 11 or the face plate 17. 

method, as a semiconductor thin film 20b on each spacer 20 In particular, as surface conduction electron-emitting 

in this example. The electric resistance of the surface of the devices were used for cold cathode devices in the above 

semiconductor thin film 20b was about IxlO 9 OO Besides. 65 examples and flat spacers 20 were arranged in parallel with 

no metal back 19 was used and a transparent electrode of a plane defined by the X- and Z- directions along the trajec- 

ITO film was arranged between the face plate 17 and the tones of electrons from the surface conduction electron- 
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emitting devices that were swerved toward the X-direction, inter-layer insulation layer arranged at least at the crossings, 
the surface conduction electron-emitting devices could be At each crossing of a row-directed wiring 13 and a column- 
arranged densely along the X-direction that was parallel directed wiring 14, a surface conduction electron-emitting 
relative to the spacers 20 without any trajectories of elec- device 12 is provided between the wirings and electrically 
troDS blocked by any of the spacers 20. 5 connected to them, said surface conduction electron- 
Still additionally, since each of the spacers 20 were emitting device operating as a cold cathode device, 
electrically connected to a single row-directed wiring 13 on The row-directed wirings 13 and the column-directed 
the substrate 11. any entangled and/or unnecessary electric wirings 14 are drawn to the outside of the envelope (air- 
connections were avoided among the wirings on the sub- tightly sealed container) by way of external terminals Dxl 
strate 11. 10 through Dxm and Dyl through Dyn. 

Finally, by using spacer 20 provided with a desired In each of the examples described below, a multiple 

semiconductor thin film 20h and requiring no complicated electron beam source comprising a total of NxM (N=3,072, 

additional structure as described above in an image display M= 1.024) surface conduction dectron-emitting devices, 

apparatus comprising a multiple electron beam source each having an electron-emitting region formed in an elec- 

formed by arranging and wiring surface conduction 15 troconductivc film arranged between a pair of device 

electron-emitting devices to form a simple matrix proposed electrodes, along with M row-directed wirings and N 

by the inventors of the present invention, a very flat image column-directed wirings arranged in the form of a matrix for 

display apparatus having a large display screen was realized. connecting the devices was used as in the case of the above 

The following examples differ from the above examples examples, 
in that the row-directed wirings 13 and the column-directed 20 Firstly, a substrate 11' carrying thereon a total of NXM 
wirings 14 were laid in the image display apparatuses of the electroconductive films of fine particles along with M row- 
following examples inversely relative to those of the appa- directed wirings and N column-directed wirings arranged in 
ratuses of the above examples and that spacers 20 were the form of a matrix for connecting the films was prepared 
arranged on the respective column-directed wirings 14 as by following the manufacturing steps illustrated in FIGS, 
shown in FIGS. 25 and 26. 25 22A through 22H. Note that however, a row-directed wiring 

FIG. 25 is a partially broken schematic perspective view 13. an interlayer insulation layer and a column-directed 

of a display panel used in the image display apparatus of the wiring 14 were laid in the above order from the bottom at 

following examples and FIG. 26 is a schematic cross sec- each crossing of a row-directed wiring 13 and a column- 

tional view showing part of the Image forming apparatus of M directed wiring 14 in each of the following examples. 

FIG. 25 taken along line 26 — 26 to illustrate a spacer and its f Examole 2- 1) 

vicinity. ttixamp e 

Note that the fluorescent film 18 of the display panel of In this example, a display panel comprising spacers 20 

FIGS. 25 and 26 is the same as the one shown in FIG. 4A. shown in FIG. 26 and described above was prepared in a 

Referring to FIGS. 25 and 26, a plurality of surface 35 manner as described below by referring to FIGS. 25 and 26. 

conduction electron-emitting devices 12 are arranged and A substrate 11' on which a plurality of electroconductive 

wired to show a matrix on a substrate 11. which is by turn films for producing electron-emitting regions had been 

rigidly secured to a rear plate 15. A face plate 17 carries on arranged and wired to form a matrix was secured to a rear 

the inner surface thereof a fluorescent film 18 and a metal plate. Then, a semiconductor thin film 20b of tin oxide was 

back 19 that operates as an accelerating electrode. Said face ^ formed on four of the surfaces of the insulating member 20a 

plate 17 and said substrate 11 are disposed vis-a-vis with of soda lime glass of each spacer 20 (height: 5 mm. 

lateral walls 16 made of an insulating material arranged thickness: 200 urn. length: 20 mm) that had been exposed to 

therebetween. A high voltage is applied between the sub- the inside of the envelope (airtightly sealed container) and 

strate U and the metal back 19 by means of a power source the spacers 20 were secured on the substrate 11' on respec- 

(not shown). The rear plate 15, the lateral walls 16 and the 45 trve column-directed wirings 14 in parallel with the wirings 

face plate 17 are bonded together by means of frit glass to 14 at regular intervals. Thereafter, a face plate 17 carrying a 

produce an envelope (airtightly sealed container). fluorescent film 18 and a metal back 19 on (he inner surface 

Thin and flat spacers 20 are arranged within the envelope thereof was arranged 5 mm above the substrate 11* with 

(airtightly sealed container) to make it withstand the atmo- lateral walls 16 disposed therebetween and. subsequently, 

spheric pressure. Each spacer 20 comprises an insulating x the rear plate 15, the face plate 17, the lateral walls 16 and 

member 20a coated with a semiconductor thin film 206. A the spacers 20 were secured relative to each other, 

number of spacers 20 necessary to make the envelope Note that the fluorescent film 18 of the display panel of 

withstand the atmospheric pressure are arranged with FIGS. 25 and 26 is same as the one shown in FIG. 4 A. 

required intervals in parallel with the V-direction and bonded Stripe-shaped fluorescent members 21a of red. green and 

to the metal back 19 on the inner surface of the face plate 17 55 blue and black electroconducdve members lib separating 

and the column-directed wirings 14 on the substrate 11 by any adjacent fluorescent members 21a were made to extend 

means of frit glass. The semiconductor thin film 20b of each along the Y-direction. 

spacer 20 is electrically connected to the metal back 19 on Frit glass (not shown) was then applied to the contact 

the inner surface of the face plate 17 and the corresponding areas of the substrate 11' and the rear plate 15, the rear plate 

column-directed wiring 14 on the substrate 11. M and the lateral walls 16 and the face plate 17 and the lateral 

FIG. 27 is a schematic partial plan view of a multiple walls 16 and baked at 400° to 500° C. in the ambient air for 

electron beam source arranged on the substrate 11 of the more than 10 minutes to hermetically seal the container, 

display panel of FIG. 25. The spacers 20 were bonded to the respective column- 

The multiple electron beam source comprises a total of M directed wirings 14 (width: 300 um) on the substrate 11* and 

row-directed wirings 13 and a total of N column-directed 65 to the metal back 19 in the areas of the black electrocon* 

wirings 14 arranged on the insulating glass substrate 11 and ductive members 21b (width: 300 um) on the side of the face 

electrically insulated from each other by means of an plate 17 (FIG. 4A) by applying electroconductive frit glass 
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(not shown) containing an electrooonductive material such 
as metal and baking it at 400° to 500° C. in the ambient air 
for more than 10 minutes so that electric connection was 
established therebetween. 

A deposit of tin oxide was formed to a thickness of 1.000 5 
angstroms by ion plating, using an electron beam method, in 
an argon/oxygen atmosphere as a semiconductor thin film 
20b on the soda lime glass made insulating member 20a of 
each spacer 20 that had been thoroughly cleansed. The 
electric resistance of the surface of the semiconductor thin 10 
film 20* was about lxlO 9 O/D. 

For the above bonding operation, the rear plate 15. the 
face plate 17 and the spacers 20 ware carefully aligned in 
order to ensure an accurate positional correspondence 
between the color fluorescent members 21 and the electro- 
conductive films 4 for producing electron-emitting regions 
arranged on the substrate U\ 

The inside of the prepared envelope (airtightly sealed 
container) was then evacuated by way of an exhaust pipe 
(not shown) and a vacuum pump to a sufficient degree of 
vacuum and. thereafter, a voltage having a waveform as 20 
shown in FIG. 12 was applied to the electrooonductive films 
for producing electron-emitting regions by way of the exter- 
nal terminals Dxl through Dxm and Dyl through Dyn to 
carry out an electrically energizing process (energization 
forming process) on the electroconductive films for produc- 25 
ing electron-emitting regions. Consequently, electron- 
emitting regions were formed on the respective electrocon- 
ductive films to produce a multiple electron beam source 
comprising surface conduction electron-emitting devices, or 
cold cathode devices, wired by a plurality of wirings 30 
arranged in the form of a matrix as shown in FIGS. 25 and 
27. 

Thereafter, when the inside of the envelope reached to a 
degree of vacuum of KT 6 Torr. the exhaust pipe (not shown) 
was sealed by heating and melting it with a gas burner to 35 
hermetically seal the envelope (airtightly sealed container). 

Finally, the display panel was subjected to a getter opera- 
tion in order to maintain the inside to a high degree of 
vacuum. 

In order to drive the prepared image-display apparatus 40 
comprising a display panel as illustrated in FIGS. 25 and 26, 
scan signals and modulation signals were applied to (he cold 
cathode devices (surface conduction electron-emitting 
devices) 12 to emit electrons from respective signal genera- 
tion means by way of the external terminals Dxl through 45 
Dxm and Dyl through Dyn. while a high voltage was 
applied to the metal back 19 by way of the high voltage 
terminal Hv so that electrons emitted from the cold cathode 
devices were accelerated by the high voltage and collided 
with the fluorescent film 18 to cause the fluorescent mem- 50 
bers 21a (FIG. 4A) to excite to emit light and produce 
images. The voltage Va applied to the high voltage terminal 
Hv was from 3 kV to 10 kV. whereas the voltage Vf applied 
between the wirings 13 and 14 was 14V. 

Under this condition, regularly arranged glowing spots 53 
were two*dimensionally formed at regular intervals on the 
display screen by elections emitted from the cold cathode 
devices (surface conduction electron-emitting devices) 12 
including those located near the spacers 20 to produce clear 
and sharp images on the screen. This proved that the spacers 60 
20 did not give rise to any disturbances to the electric fields 
in the display apparatus that could adversely affect the 
trajectories of electrons. 

(Example 2-2) ^ 
This examples differs from Example 2-1 only in that a 
deposit of tin oxide was formed to a thickness of 1,000 



angstroms by ion plating, using an electron beam method, in 
an oxygen atmosphere as a semiconductor thin film 20b on 
each spacer 20 as shown in FIG. 26 in this example. The 
electric resistance of the surface of the semiconductor thin 
film 20b was about lxlO 12 OJO. 

In order to drive the prepared Image-display apparatus 
comprising a display panel, scan signals and modulation 
signals were applied to the cold cathode devices (surface 
conduction electron-emitting devices) 12 to emit electrons 
from respective signal generation means by way of the 
external terminals Dxl through Dxm and Dyl through Dyn. 
while a high voltage was applied to the metal back 19 by 
way of the high voltage terminal Hv so that electrons emitted 
from the cold cathode devices were accelerated by the high 
voltage and collided with the fluorescent film 18 to cause the 
fluorescent members 21a (FIG. 4A) to excite to emit light 
and produce images. The voltage Va applied to the high 
voltage terminal Hv was from 3 kV to 10 kV. whereas the 
voltage Vf applied between the wirings 13 and 14 was 14V. 

Under this condition, it was confirmed as a result of 
comparison with an image display apparatus comprising 
spacers without a semiconductor thin film 20b mat the 
display panel was effectively protected against undesired 
electric charges as in the case of Example 2-1. 

(Example 2-3) 

This examples differs from Example 2-1 in that a deposit 
of tin oxide was formed to a thickness of 1.000 angstroms 
by ion plating, using an electron beam method, in an argon 
atmosphere as a semiconductor thin film 2Ab on each spacer 
20 in this example. The electric resistance of the surface of 
the semiconductor thin film 20J> was about lxlO 7 O/D. 
Besides, no metal back 19 was used and a transparent 
electrode of ITO film was arranged between the face plate 17 
and the fluorescent film 18. Said ITO film provided electric 
connection between the black electroconductive members 
21b (FIG. 4A) and the high voltage terminal Hv (FIG. 25). 
Otherwise, the display panel of this example was identical 
with that of Example 2-1. 

In order to drive the prepared image-display apparatus 
comprising a display panel, scan signals and modulation 
signals were applied to the cold cathode devices (surface 
conduction electron-emitting devices) 12 to emit electrons 
from respective signal generation means by way of the 
external terminals Dxl through Dxm and Dyl through Dyn. 
while a high voltage was applied to the transparent electrode 
of ITO film by way of the high voltage terminal Hv so that 
electrons emitted from the cold cathode devices were accel- 
erated by the high voltage and collided with the fluorescent 
film 18 to cause the fluorescent members 21a to excite to 
emit light and produce images. The voltage Va applied to the 
high voltage terminal Hv was less than 1 kV. whereas the 
voltage Vf applied between the wirings 13 and 14 was 14V. 

Under this condition, regularly arranged glowing spots 
were two-dime nsionally formed at regular intervals on the 
display screen by electrons emitted from the cold cathode 
devices 12 including those located near the spacers 20 to 
produce clear and sharp images on the screen. This proved 
that the spacers 20 did not give rise to any disturbances to 
the electric fields in the display apparatus that could 
adversely affect the trajectories of electrons. 

(Example 2-4) 

This examples differs from Example 2-1 in that a deposit 
of tin oxide containing a dopant was formed to a thickness 
of 1,000 angstroms by ion plating, using an electron beam 
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method, as a semiconductor thin film 2Mb on each spacer 20 
in this example. The electric resistance of the surface of the 
semiconductor thin film 206 was about lxlO 3 fl/Q Besides, 
no metal back 19 was used and a transparent electrode of 
TTO film was arranged between the face plate 17 and the 
fluorescent film 18. Said ITO film provided electric connec- 
tion between the black electrocoDductive members lib 
(FIG. 4A) and the high voltage terminal Hv (FIG. 25). The 
height of the spacers 20 and the distance between the 
substrate 11' and the face plate 17 were 1 mm. Otherwise, the 
display panel of this example was identical with that of 
Example 2-1. 

In order to drive the prepared image-display apparatus 
comprising a display paneL scan signals and modulation 
signals were applied to the cold cathode devices (surface 
conduction electron-emitting devices) 12 to emit electrons 
from respective signal generation means by way of the 
external terminals Dxl through Dxm and Dyl through Dyo. 
while a high voltage was applied to the transparent electrode 
of ITO film by way of the high voltage terminal Hv so that 
electrons emitted from the cold cathode devices were accel- 
erated by the high voltage and collided with the fluorescent 
film 18 to cause the fluorescent members 21a (FIG. 4A) to 
excite to emit light and produce images. The voltage Va 
applied to the high voltage terminal Hv was from 10V to 
100V. whereas the voltage Vf applied between the wirings 
13 and 14 was 14V. 

Under this condition, regularly arranged glowing spots 
were two-dimensionally formed at regular intervals on the 
display screen by electrons emitted from the cold cathode 
devices 12 including those located near the spacers 20 to 
produce clear and sharp images on the screen. This proved 
that the spacers 20 did not give rise to any disturbances to 
the electric fields in the display apparatus that could 
adversely affect the trajectories of electrons. 

As seen from the above description, the image display 
apparatuses of Examples 2-1 through 2-4 have the following 
effects. 

Firstly, since electric charges that have to be removed 
appear only on the surface of the spacers 20. the spacers 20 
are required only to prevent electric charges from appearing 
on the surface. Li the above examples, a semiconductor thin 
film 206 was formed on the insulating member 20a of each 
spacer 20 so that the spacer 20 showed a sufficiently low 
electric resistance on the surface that could neutralize any 
electric charge that might appear on the surface and a flow 
rate of leak current that did not significantly raise the power 
consumption level of the apparatus. In short, flat type image 
forming apparatuses having a large display screen were 
realized without adversely affecting the advantage of cold 
cathode devices or surface conduction election-emitting 
devices of a very low heat generation rate. 

Secondly, since the spacers 20 had an evenly flat cross 
section relative to the normal of the substrate 11 and the face 
plate 17 shown in FIGS. 1 and 2. they did not disturb any 
electric fields within the apparatus. Thus, unless the spacers 
20 blocked the trajectories of electrons from the cold cath- 
ode devices 12. they could be placed close to the cold 
cathode devices 12 and therefore the latter could be arranged 
densely along the X-direction that was perpendicular rela- 
tive to the spacers 20. Additionally, since any leak currents 
did not flow through the insulating member 20a that occu- 
pied most of the cross section of each spacer 20. small leak 
currents, if any. could be effectively suppressed without any 
additional arrangements such as using pointed spacers 20 to 
be bonded to the substrate 11 or the face plate 17. 
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Secondly, since the spacers 20 were column- shaped and 
had an evenly flat cross section relative to the normal of the 
substrate 11 and the face plate 17. they did not disturb any 
electric fields within the apparatus. Thus, unless the spacers 

5 20 blocked the trajectories of electrons from the cold cath- 
ode devices (surface conduction dectron-emitting devices) 
12. they could be placed close to the cold cathode devices 12 
and therefore the latter could be arranged densely along the 
Y-direction that was perpendicular relative to the spacers 20. 

io Additionally, since any leak currents did not flow through 
the insulating member 20a that occupied most of the cross 
section of each spacer 20. small leak currents, if any. could 
be effectively suppressed without any additional arrange- 
ments such as using pointed spacers 20 to be bonded to the 

15 substrate 11 or the face plate 17, 

Further, since the flu ore sent film 18 used was of the type 
shown in FIG. 4A having fluoresent members of each color 
(R. G and B) in a stripe pattern and a black conductive 
member also in a stripe pattern between each fluorescent 

20 member, the luminosity of displayed images was not dam- 
aged even when the cold cathod devices 12 ware arranged 
densely in the Y-direction. 

Still additionally, since each of the spacers 20 were 
electrically connected to a single column-directed wiring 14 

25 on the substrate 11. any entangled and/or unnecessary elec- 
tric connections were avoided among the wirings on the 
substrate 11. 

Finally, by using above described spacer 20 provided with 
a desired semiconductor thin film 20& and requiring no 

30 complicated additional structure as described above in an 
image display apparatus comprising a multiple electron 
beam source formed by arranging and wiring surface con- 
duction electron-emitting devices to form a simple matrix 
proposed by the inventors of the present invention, a very 

35 flat image display apparatus having a large display screen 
was realized. 

Now. the present invention will be described further by 
way of another example. 

FIG. 28 is a partially broken schematic perspective view 
of a display panel used in the image display apparatus of the 
following example. 

Note that the display panel of FIG. 28 is the same as those 
described above except that the spacers 20 are column- 
45 shaped. 

Referring to FIG. 28. a plurality of surface conduction 
electron-emitting devices 12 are arranged and wired to show 
a matrix on a substrate 11. which is by turn rigidly secured 
to a rear plate 15. A face plate 17 carries on the inner surface 

30 thereof a fluorescent film 18 and a metal back 19 that 
operates as an accelerating electrode. Said face plate 17 and 
said substrate 11 are disposed vis-a-vis with lateral walls 16 
made of an insulating material arranged therebetween. A 
high voltage is applied between the substrate 11 and the 

ss metal back 19 by means of a power source (not shown). The 
rear plate 15, the lateral walls 16 and the face plate 17 are 
bonded together by means of frit glass to produce an 
envelope (airtightly sealed container). 

Column-shaped spacers 20 are arranged within the enve- 

60 lope (airtightly sealed container) to make it withstand the 
atmospheric pressure. As in the case of the above example, 
each spacer 20 comprises an insulating member 20a coated 
with a semiconductor thin film 70b. A number of spacers 20 
necessary to make the envelope withstand the atmospheric 

65 pressure are arranged with required intervals and bonded to 
the metal back 19 on the inner surface of the face plate 17 
and the row-directed wirings 13 on the substrate 11 by 
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means of frit glass . The semiconductor thin film 206 of each for producing electron-emitting regions by way of the exter- 

spacer 20 is electrically connected to the metal back 19 on nal terminals Dxl through Dxm and Dyl through Dyn to 

the inner surface of the face plate 17 and the corresponding carry out an electrically energizing process (energization 

row-directed wiring 13 on the substrate 11. forming process) on the electroconductive films forproduc- 

Otherwise the display panel is same as those of Examples 5 ing electron-emitting regions. Consequently, electron- 

1-1 through 1-4 and hence it will not be described any emitting regions were formed on the respective eiectrocon- 

f urt | ier ductive films to produce a multiple electron beam source 

FirsUy. a substrate IT carrying thereon a total of NxM cornr^ingsurfecc conduction electron-emitting devices, or 

electroconductive films of fine particles along with M row- co,d ca f 1 . od ? * s "«* i * ^t"*** ^ 

directed wirings and N column^rected wirtog arranged in 10 "> the form of a matrix as shown in FIGS. 28 and 

the form of a matrix for connecting the films was prepared 3 * . 

by following the above described manufacturing steps Thereafter, when the uiside of the envelope reached to a 

(FIGS. 22A through 22H), degree of vacuum of KT 6 Torr, the exhaust pipe (not shown) 

was sealed by heating and melting it with a gas burner to 

(Example 3) 15 hermetically seal the envelope (airttghtly sealed container). 

Finally, the display panel was subjected to a getter opera- 

In this example, a display panel comprising spacers 20 ^ in ^ t0 me msioe to a mgh dcgrcc of 

shown in FIG. 28 and described above was prepared. vacuum. 

A substrate 11 on which a plurality of electroconductive ^ t0 mc prepared image-display apparatus 
films for producing electron-emitting regions had been 20 ^^^g a display p^el as illustrated in FIG. 28. scan 
arranged and wired to form a matrix was secured to a rear signals and modulation signals were applied to the cold 
plate 15. Then, a semiconductor thin film 20b of tin oxide cat hode devices (surface conduction electron-emitting 
was formed on the surfaces of the insulating member 20a of devices) 12 to emit electrons from respective signal genera- 
soda lime glass of each column-shaped spacer 20 (height: 5 tio0 mcans ^ way of Ac external terminals Dxl through 
mm, diameter: 100 um) that had been exposed to the inside 25 and pyi through Dyn, while a high voltage was 
of the envelope (airtightly sealed container) and the spacers app^d to the metal back 19 by way of the high voltage 
20 were secured on the substrate If on respective row- terminal Hv so that electrons emitted from the cold cathode 
directed wirings 13 at regular intervals. Thereafter, a face were accelerated by the high voltage and collided 
plate 17 carrying a fluorescent film 18 and a metal back 19 wi(h me fluoresce nt film 18 to cause the fluorescent mem- 
on the inner surface thereof was arranged 5 mm above the 30 ^ 2U ^ exdte tQ emit j.^, ^ images. The 
substrate 11' with lateral walls 16 disposed therebetween voltage Va applied to the higi voltage terrninal Hv was from 
and. subsequently, the rear plate 15, the face plate 17, the 3 fcv to 10 kV, whereas the voltage Vf applied between the 
lateral walls 16 and the spacers 20 were secured relative to wirings 13 and 14 was 14V. 

each ocher ' „ Under this condition, regularly arranged glowing spots 

Frit glass (not shown) was then applied to the contact 33 were two-dimensionally farmed at regular intervals on the 

areas of the substrate If and the rear plate 15, the rear plate display screen by electrons emitted from the cold cathode 

and the lateral walls 16 and the face plate 17 and the lateral devices (surface conduction dectron-emitting devices) 12 

walls 16 and baked at 400° to 500° C in the ambient air for including those located near the spacers 20 to produce clear 

more than 10 minutes to hermetically seal the container. ^ an a sharp images on the screen. This proved that the spacers 

The spacers 20 were bonded to the respective row- 20 did not give rise to any disturbances to the electric fields 

directed wirings 13 (width: 300 um) on the substrate 11' and in the display apparatus that could adversely affect the 

to the metal back 19 in the areas of the black electrocon- trajectories of electrons. 

ductive members 21b (width: 300 um) on the side of the face As seen from the above description, the image display 

plate 17 by ar^lymg electroconductiYe frit glass (not shown) ^ apparatus of Example 3 has the following effects. 

uT^^^^^l 1 ^^ f^f* f d Firstly, since electric charges (hat have to be removed 

baking it at 400* to 500° C. in the ambient arr for more .than onl on mc surfacc ^ mc s ^ ^ ^ 20 

10 minutes so that electric connection was established m rcquircd only to prevent electric charges from appearing 

therebetween. on ^ m the above examples, a semiconductor thin 

A deposit of tin oxide was formed to a thickness of 1,000 jq film 2db was formed on the insulating member 20a of each 

angstroms by ion plating, using an electron beam method, in spacer 20 so that the spacer 20 showed a sufficiently low 

an argon/oxygen atmosphere as a semiconductor thin film electric resistance on the surface that could neutralize any 

20fr on the soda lime glass made insulating member 20a of electric charge that might appear on the surface and a flow 

each spacer 20 that had been thoroughly cleansed. Tlie ra te of leak current that did not significantly raise the power 

electric resistance of the surface of the semiconductor thin 55 consumption level of the apparatus. In short, flat type image 

film 20b was about lxlO 9 12/G. forming apparatuses having a large display screen were 

Fox the above bonding operation, the rear plate 15, the realized without adversely affecting the advantage of cold 

face plate 17 and the spacers 20 were carefully aligned In cathode devices or surface conduction electron-eraittin g 

order to ensure an accurate positional correspondence devices of a very low heat generation rate, 

between the color fluorescent members 21 and the electro- so Secondly, since the spacers 20 was column-shaped and 

conductive films 4 for producing electron-emitting regions had an evenly flat cross section relative to the normal of the 

arranged on the substrate 11'. substrate 11 and the face plate 17, they did not disturb any 

The inside of the prepared envelope (airtightly sealed electric fields within the apparatus. Thus, unless the spacers 

container) was then evacuated by way of an exhaust pipe 20 blocked the trajectories of electrons from the cold cath- 

(not shown) and a vacuum pump to a sufficient degree of 65 ode devices (surface conduction electron-emitting devices) 

vacuum and, thereafter, a voltage having a waveform as 12. they could be placed close to the cold cathode devices 12 

shown in FIG. 12 was applied to the electroconductive films and therefore the latter could be arranged densely along the 
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X-direction and the Y-direction. Additionally, since any leak In the example described below, a multiple electron beam 

currents did not flow through the insulating member 20c that source comprising a total of NxM (N=3,072, M=l,024) 

occupied most of the cross section of each spacer 20. small surface conduction electron-emitting devices, each having 

leak currents, if any, could be effectively suppressed without an electron-emitting region formed in an electrocoDductive 

any additional arrangements such as using pointed spacers 5 film arranged between a pair of device electrodes, along with 

20 to be bonded to the substrate 11 or the face plate 17. M row-directed wirings and N column-directed wirings 

AdditionaUy. since each of the spacers 20 were electri- arranged in the form of a matrix for connecting the devices 

cally connected to a single row-directed wiring 13 on the was used as in the case of the above examples, 

substrate 11. any entangled and/or unnecessary electric Firstly, a substrate 11* carrying thereon a total of NxM 

connections were avoided among the wirings on the sub- 10 electroconductive films of fine particles along with M row- 

strate 11. directed wirings and N column-directed wiring arranged in 

Finally, by using spacer 20 provided with a desired the form of a matrix for connecting the films was prepared 

semiconductor thin film 2»b and requiring no complicated by following the manufacturing steps illustrated in FIGS, 

additional structure as described above in an image display 22A through 22H. 

apparatus comprising a multiple electron beam source 15 mxanml 4> 

formed by arranging and wiring surface conduction ^ ample ) 

electron-emitting devices to form a simple matrix proposed In this example, a display panel provided with a number 

by the inventors of the present invention, a very fiat image of spacers and semiconductor thin films 166 arranged as 

display apparatus having a large display screen was realized. shown in FIG. 30 was prepared. This example will be 

The following example differs from the above examples 20 described by referring to FIGS. 29 and 30. A substrate 11 on 

in that the lateral walls 16 were arranged as close as possible which a plurality of electroconductive films for producing 

relative to the surface conduction dectron-emitting devices electton-ernitting regions had been arranged and wired to 

12 and a semiconductor thin film 16b was formed on the form a matrix was secured to a rear plate. Then, a sermcon- 

inner surface of the lateral walls 16. ductorthin film 20fc of tin oxide was formed on four of the 

FIG. 29 is a partially broken schematic perspective view 25 surfaces of the insulating member 20a of soda lime glass of 

of a display panel used in the image display apparatus of the each spacer 20 (height: 5 mm. thickness: 200 urn. length: 20 

following example and FIG. 30 is a schematic cross sec- mm) that had been exposed to the inside of the envelope 

tional view showing part of the image forming apparatus of (airtightty sealed container) and the spacers 20 were secured 

nG.29takenalongUne30^toillustrateaspacerandits , n on the substrate IT on respective row-directed wirings 13 in 

vicinity parallel with the wirings 13 at regular intervals. Thereafter. 

Referring to FIGS. 29 and 30. a plurality of surface ? " carrying a fluorescent film 18 and a metal 

conduction electron-emitting devices 12 are arranged and b ** » « * c T^T* ^T* ^^^7 

wired to show a matrix on a substrate 11, which is by rum *™ *<= ******* U' with lateral wafc 1 deposed ther- 

rigidly secured to a rear pla^ 35 t «^^J^^^^f^^ 

the inner surface mereofTfluoxescent film 18 and a metal lateral waUs 16 and me spacers 20 were secured 

back 19 that operates as an accelerating electrode. Said face "lamrc to each other. The la^ waUs 16 were placed as 

plate 17 andlald substrate 11 are disposed vis-a-vis with clos f « P**^ rdatlvc to * c .cledrc^ondiicfave films for 

lateral walls 16 made of an insulating material arranged Inducing dec^-emitttng regions on the substrate ;11 and 

therebetween. A high voltage is applied between the sub- „ foe fluoresce* 

strate 11 and the rnetal back 19 bymeans of a power source *° not block the trajectories of electrons emitted from the cold 

(not shown). The rear plate 15, the lateral walls 16 and the cathode ^viccs 1Z 

face plate 17 are bonded together by means of frit glass to Frit glass (not shown) was then applied to the contact 

produce an envelope (airtighCy sealed container). Thin and areas of the substrate 11* and the rear plate 15, the rear plate 

flat spacers 20 are arranged within the envelope (airtightly 45 and the lateral walls 16 and the face plate 17 and the lateral 

sealed container) to make it withstand the atmospheric walls 16 and baked at 400° to 500° C. in the ambient air for 

pressure. more than 10 minutes to hermetically seal the container. 

Each spacer 20 comprises an insulating member 20a The spacers 20 were bonded to the respective row- 
coated with a semiconductor thin film 20fc. A number of directed wirings 13 (width: 300 um) on the substrate 11' and 
spacers 20 necessary to make the envelope withstand the 30 to the metal back 19 on the side of the face plate 17 by 
atmospheric pressure are arranged with required intervals in applying electroconductive frit glass (not shown) containing 
parallel with the X-direction and bonded to the metal back an electroconductive material such as metal and baking it at 
19 on the inner surface of the face plate 17 and the 400° to 500° C. in the ambient air for more than 10 minutes 
row-directed wirings 13 on the substrate 11 by means of frit so that electric connection was established therebetween, 
glass. The semiconductor thin film 206 of each spacer 20 is 33 Frit glass containing an electroconductive material such 
electrically connected to the metal back 19 on the inner as metal (not shown) was also applied to the contact areas of 
surface of the face plate 17 and the corresponding row- the rear plate 15 and the lateral walls 16 and the face plate 
directed wiring 13 on the substrate 11. 17 and the lateral wails 16 and baked at 400° to 500° C. in 

Each of the lateral walls 16 is prepared by forming a the ambient air for more than 10 minutes to hermetically seal 

semiconductor thin film 16b on the inner surface of an 60 the container. The semiconductor thin films 16b of the lateral 

insulating member and the semiconductor thin film 16b Is walls 16 were grounded on the side of the rear plate 15 and 

electrically connected to the drawn-out electrode (not electrically connected to the high voltage terminal Hv on the 

shown) arranged on the inner surface of the rear plate 15 and side of the face plate 17. 

the drawn-out wirings connected to the electrode Hv A deposit of tin oxide was formed to a thickness of 1 ,000 

arranged on the face plate 17. 65 angstroms by ion plating, using an electron beam method, in 

Otherwise, the apparatus is same as those of the above an argon/oxygen atmosphere as a semiconductor thin film 

examples and heoce it will not be described any further. 206 on the soda lime glass made insulating member 20a of 
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each spacer 20 that had been thoroughly cleansed. Hie 
electric resistance of the surface of the semiconductor thin 
film 2Ab was about IxlO 9 no. 

Also, a deposit of tin oxide was formed to a thickness of 
1.000 angstroms by ion plating, using an electron beam 
method, in an argon/oxygen atmosphere as a semiconductor 
thin film 166 on the inner surface of the soda lime glass 
made insulating member of each lateral wall 16 that had 
been thoroughly cleansed. The electric resistance of the 
surface of the semiconductor thin film 16b was about lxlO 9 

no. 

As shown in FIG. 24. the fluorescent film 18 that operated 
as an Image forming member comprised stripe-shaped fluo- 
rescent members 21a of red. green and blue extending along 
the Y-direction and black electroconductive members 21b 
separating any adjacent fluorescent members and pixels 
arranged in the Y-direction. The spacers 20 were located 
within the width (300um) of the respective black electro- 
conductive members 21b with the metal back 19 disposed 
therebetween. 

For the above bonding operation, the rear plate 15. the 
face plate 17 and the spacers 20 were carefully aligned in 
order to ensure an accurate positional correspondence 
between the color fluorescent members 21 and the electro- 
conductive films 4 (FIG. 22H) for producing electron- 
emitting regions arranged on the substrate 11*. 

The inside of the prepared envelope (airtightly sealed 
container) was then evacuated by way of an exhaust pipe and 
a vacuum pump to a sufficient degree of vacuum and 
thereafter, a voltage having a waveform as shown in FIG. 12 
was applied to the electroconductive films 4 for producing 
electron-emitting regions by way of the external terminals 
Dxl through Dxm and Dyl through Dyn to carry out an 
electrically energizing process (energization forming 
process) on the electroconductive films 4 for producing 
electron-emitting regions. Consequently, electron-emitting 
regions were formed on the respective electroconductive 
films 4 to produce a multiple electron beam source com- 
prising surface conduction electron-emitting devices, or cold 
cathode devices, wired by a plurality of wirings arranged in 
the form of a matrix as shown in FIG. 29. 

Thereafter, when the inside of the envelope reached to a 
degree of vacuum of 10"* Torr. the exhaust pipe (not shown) 
was sealed by heating and melting it with a gas burner to 
hermetically seal the envelope (airtightly sealed container). 

Finally, the display panel was subjected to a getter opera- 
tion in order to maintain the inside to a high degree of 
vacuum. 

In order to drive the prepared image-display apparatus 
comprising a display panel as illustrated in FIGS. 29 and 30. 
scan signals and modulation signals were applied to the cold 
cathode devices (surface conduction electron-emitting 
devices) 12 to emit electrons from respective signal genera- 
don means by way of the external terminals Dxl through 
Dxm and Dyl through Dyn. while a high voltage was 
applied to the metal back 19 by way of the high voltage 
terminal Hv so that electrons emitted from the cold cathode 
devices were accelerated by the high voltage and collided 
with the fluorescent film 18 to cause the fluorescent mem- 
bers 21a of red, green and blue (FIG. 24) to excite to emit 
light and produce images. The voltage Va applied to the high 
voltage terminal Hv was from 3 kV to 10 kV. whereas the 
voltage Vf applied between the wirings 13 and 14 was 14V. 

Under this condition, regularly arranged glowing spots 
were two-dimensionaliy formed at regular intervals on the 
display screen by electrons emitted from the cold cathode 
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devices 12 including those located near the spacers 20 and 
lateral walls 16 to produce clear and sharp images on the 
screen. This proved that the spacers 20 and lateral walls 16 
did not give rise to any disturbances to the electric fields in 

5 the display apparatus that could adversely affect the trajec- 
tories of electrons, even they were placed close to the cold 
cathode devices 1Z 

The above described image display apparatus of Example 
4 have the following effects in addition to those described 

io earlier by referring to the preceding examples. 

Firstly, since electric charges that have to be removed 
appear only on the surface of the lateral walls 16 located 
close to the cold cathode devices 12 on the substrate 11'. the 
lateral walls 16 are required only to prevent electric charges 

15 from appearing on the surface. In the above examples, a 
semiconductor thin film 16b was formed on the insulating 
member of each lateral walls 16 so that the lateral walls 16 
showed a sufficiently low electric resistance on the surface 
that could neutralize any electric charge that might appear on 

20 the surface and a flow rate of leak current that did not 
significantly raise the power consumption level of the appa- 
ratus. In short flat type image forming apparatuses having a 
large display screen were realized without adversely affect- 
ing the advantage of cold cathode devices or surface con- 

25 duction electron-emitting devices of a very low heat gen- 
eration rate. 

Secondly, with the above arrangement, the entire image 
display apparatus can be down-sized because the peripheral 
areas of the image display apparatus can be reduced. 

Now, the present invention will be described further by 
way of other examples. 

FIG. 31 is a partially broken schematic perspective view 
of a display panel used in the image display apparatus of the 

35 following example. 

Note that the display panel of FIG. 31 differs from those 
of the preceding examples in that an abutting member 40 is 
additionally arranged in each of the contact areas between 
the spacers 20 and the components (e.g., the row-directed 

40 wirings 13) on the side of the substrate 11 and between the 
spacers 20 and the components on the side of the face plate 
17 (e.g., the metal back 19) in order to improve the mechani- 
cal holding and electric contact 

Referring to FIG. 31. a plurality of cold cathode devices 

45 (surface conduction electron-emitting devices) 12 are 
arranged and wired to show a matrix on a substrate 11. which 
is by turn rigidly secured to a rear plate 15. A face plate 17 
carries on the inner surface thereof a fluorescent film 18 and 
a metal back 19 that operates as an accelerating electrode. 

50 Said face plate 17 and said substrate 11 are disposed 
vis-a-vis the lateral walls 16 made of an insulating material 
arranged therebetween. A high voltage is applied between 
the substrate 11 and the metal back 19 by means of a power 
source (not shown). The rear plate 15. the lateral walls 16 

55 and the face plate 17 are bonded together by means of frit 
glass to produce an envelope (airtighfly sealed container). 

Flat spacers 20 are arranged within the envelope (air- 
tightly sealed container) to make it withstand the atmo- 
spheric pressure. Each spacer 20 comprises an insulating 

60 member 20a coated with a semiconductor thin film 206 and 
electroconductive thin films (to be referred to as spacer 
electrodes hereinafter) 20c on the surface areas that are 
placed vis-a-vis the substrate 11 and the face plate 17 
respectively (FIG. 7C). A number of spacers 20 necessary to 

65 make the envelope withstand the atmospheric pressure are 
arranged with required intervals in parallel with the 
X-direction and bonded to the metal back 19 on the inner 



08/27/2002, EAST Version: 1.03.0002 



5.760,538 

39 40 

surface of the face pUte 17 and the row-directed wirings 13 and the lateral walls 16 and the face plate 17 and the lateral 

on the substrate 11 by means of frit glass. The semiconductor walls 16 and baked at 400° to 500° C. in the ambient air for 

thin film 20b and the corresponding spacer electrodes 20c of more than 10 minutes to hermetically seal the container. The 

each spacer are electrically well connected. spacers 20 were bonded to the respective row-<iirected 

Each of the spacers 20 is rigidly secured to the surface of 5 wirings 13 (width: 300 f«n) on the substrate 11 by applying 

the metal back 19 on the inner surface of the face plate 17 electroconductive frit glass 40 containing an electroconduc- 

and that of the corresponding row-directed wiring 13 on the live material such as metal and baking it at 400° to 500° C. 

substrate 11 with respective abutting members 40 disposed in the ambient air for more man 10 minutes so that electric 

therebetween. The semiconductor thin film 2/0b on the connection was established therebetween, 

surface of each spacer 20 is electrically connected to the 10 For the above bonding operation, the substrate 11. the rear 

metal back 19 on the inner surface of the face plate 17 and plate 15. the face plate 17 and the spacers 20 were carefully 

the corresponding row-directed wiring 13 on the substrate 11 aligned in order to ensure an accurate positional correspon- 

by way of the respective abutting members 40. dence between the color fluorescent members 21o (FIG. 4A) 

In each of the examples described below, a multiple and cold cathode devices (surface conduction electron- 
electron beam source comprising a total of NxM (N=3.072, 15 emitting devices) 12. 

M= 1.024) surface conduction electron-emitting devices. The airtightly sealed container prepared in a manner as 

each having an electron-emitting region formed in an elec- described above was then subjected to a series of processing 

troconductive film arranged between a pair of device steps of evacuation, energization forming, energization 

electrodes, along with M row-directed wirings and N activation, sealing and getter operation as in the case of the 

column -directed wirings arranged in the form of a matrix for ^ preceding examples. 

connecting the devices was used as in the case of the above jji on ier to drive the prepared image-display apparatus 

examples. comprising a display panel as Illustrated in FIGS. 31, 32, 

The multiple electron beam source used in the following scan signals and modulation signals were applied to the cold 

example was prepared exactly as those of the preceding cathode devices (surface conduction electron-emitting 

examples and therefore it will not be described any further. 25 devices) 12 to emit electrons from respective signal genera- 

(Example 5-1) tion means by way of the external terminals Dxl through 

^ A ^ . e Dxm and Dyl through Dyn. while a high voltage was 

In this example, abutting members 40 that operated for appUed to the metal back 19 by w ay of the high voltage 
bom mechanical securing and electric connection and had a tcrmiaal Hv so mat electrons emitted from the cold cathode 
configuration as shown in FIG. 31 were used. Each of the ^ devioes were acce ierated by the high voltage and collided 
spacers 20 used in this example comprised an insulating with me fluoresccnt film 18 to cause the fluorescent mem- 
member 20a as shown in HG. 7C a seimcon^ctor film 20* ^ 2 la to excite to emit light and produce images. The 
and spacer electrodes 20c. FIGS. 32A and 32B are schematic yoltage Va m ^ t0 me UgJ| vo|tage terminal Hv was from 
cross sectional views showing part of the linage-display 3 kV to 10 kV. whereas the voltage Vf applied between the 
apparatus of FIG. 31 taken along lines 32A— 32A and M wirings 13 md u was 14V 

32B—32B rcspcctively * _ J . Under this condition, regularly arranged glowing spots 

Each of the spacers 20 (FIG. 7Q was prepared in a were ^0.^^^ formed at reg ular intervals on the 

manner as described below. Firstly, a deposit of tin oxide ^ . scrccn by c i cctrons emitted from the cold cathode 

was formed to a thickness of 1.000 angstroms by ion plating. dcviccs (surfacc conduction electron^mitting devices) 12 

using an electron beam method, in an argon/oxygen atao- ^ ^u^g mosc located ^ me spacers 20 to produce clear 

sphere as a semiconductor thin film 20* on the soda lime sharp images on the screen. This proved that the spacers 

glass made insulating member 20a of the spacer 20 that had 20 did not give rise to any disturbances to the electric fields 

been thoroughly cleansed. The electric resistance of the iQ fee ^ ^ apparatus mat could adversely affect the 

surface of the semiconductor thin film 20fc was about 1x10* trajectories of electrons, 

fl/d. Thereafter, Ti and Au films were sequentially formed 4J 

thereon to respective thicknesses of 20 angstroms and 1,000 (Example 5-2) 

angstroms to produce spacer electrodes 20c. Electric con- This examples differs from Example 5-1 in that each of 

nection between the semiconductor thin film 206 and the the abutting members 40 comprised a mechanical securing 

spacer electrodes 20c was also established in the above section 40a and an electric connecting section 40b that were 

process. ^ independent from each other. 

An airtightly sealed container was prepared, following the FIGS. 33A and 33B are schematic cross sectional views 

steps described below. showing part of the image forming apparatus of FIG. 31 

Firstly, the spacers 20 (height 5 mm, thickness: 200 um, taken along lines 33A— 33A and 33B — 33B respectively, 

length: 20 mm) were bonded onto the metal back 19 on the Each of the spacers 20 (FIG. 7C) was prepared in a 

face plate 17 by applying electroconductive frit glass 40 55 manner as described below. Firstly, a deposit of tin oxide 

containing an electroconductive material such as metal to was formed to a thickness of 1,000 angstroms by ion plating, 

the contact areas thereof and baking it at 400° to 500° in the using an electron beam method, in an argon/oxygen atroo- 

ambient air for more than 10 minutes. Thus, the spacers 20 sphere as a semiconductor thin film 20b on the soda lime 

were mechanically secured and electrically connected to the glass made insulating member 20a of the spacer 20 that had 

metal back 19. 60 been thoroughly cleansed. The electric resistance of the 

Note that the fluorescent film 18 of the display panel of surface of the semiconductor thin film 20& was about 1x10 s * 

FIG. 3 is same as the one shown in FIG. 4A and the spacers fX/Q. Thereafter. Ti and Au films were sequentially formed 

20 were placed on the stripe-shaped black electroconductive thereon to respective thicknesses of 20 angstroms and 1,000 

members 21b (width: 300 um) of the fluorescent film with angstroms to produce spacer electrodes 20c. Electric con- 

the metal back 19 disposed therebetween. 65 nection between the semiconductor thin film 206 and the 

Frit glass (not shown) was then applied to the contact spacer electrodes 20c was also established in the above 

areas of the substrate 11 and the rear plate 15, the rear plate process. 
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Ad airtightly scaled container was prepared, following the 
steps described below. 

Firstly, the spacers 20 (height: 5 mm. thickness: 200 Mm. 
length: 20 mm) were bonded onto the metal back 19 on the 
face plate 17 by applying dectroconductive frit glass con- 
taining an electroconductive material such as metal to the 
contact areas thereof and baking it at 400° to 500° C. in the 
ambient air for more than 10 minutes. Thus, the spacers 20 
were mechanically secured and electrically connected to the 
metal back 19. 

Note that the fluorescent film 18 of the display panel of 
FIG. 31 is same as the one shown in FIG. 4A and the spacers 
20 were placed on the stripe-shaped black electroconductive 
members 21b (width: 300 um) of the fluorescent film with 
the metal back 19 disposed therebetween. 

Frit glass (not shown) was then applied to the contact 
areas of the substrate 11 and the rear plate 15. the rear plate 
and the lateral walls 16 and the face plate 17 and the lateral 
walls 16 and baked at 400° to 500° C in the ambient air for 
more than 10 minutes to hermetically seal the container. Hie 
spacers 20 were bonded to the respective row-directed 
wirings 13 (width: 300 um) on the substrate 11 by applying 
frit glass constituting the mechanically fixing member 40a 
and electroconductive frit glass constituting the electrically 
connecting member 40b containing an electroconductive 
material such as metal and baking it at 400° to 500° C. in the 
ambient air for more than 10 minutes so that electric 
connection was established therebetween. 

For the above bonding operation, the substrate 11. the rear 
plate 15. the face plate 17 and the spacers 2# were carefully 
aligned in order to ensure an accurate positional correspon- 
dence between the color fluorescent members 21a (FIG. 4A) 
and cold cathode devices (surface conduction electron- 
emitting devices) 12. 

The airtightly sealed container prepared in a manner as 
described above was then subjected to a series of processing 
steps of evacuation, energization forming, energization 
activation, sealing and getter operation as in the case of the 
preceding examples. 

In order to drive the prepared image-display apparatus 
comprising a display panel as illustrated in FIGS. 31. 33, 
scan signals and modulation signals were applied to the cold 
cathode devices (surface conduction electron-emitting 
devices) 12 to emit electrons from respective signal genera- 
tion means by way of the external terminals Dxl through 
Dxm and Dyl through Dyn, while a high voltage was 
applied to the metal back 19 by way of the high voltage 
terminal Hv so that electrons emitted from the cold cathode 
devices were accelerated by the high voltage and collided 
with the fluorescent film 18 to cause the fluorescent mem- 
bers 21a to excite to emit light and produce images. The 
voltage Va applied to the high voltage terminal Hv was from 
3 kV to 10 kV, whereas the voltage Vf applied between the 
wirings 13 and 14 was 14V. 

Under tills condition, regularly arranged glowing spots 
were rwo-dimenslonally formed at regular Intervals on the 
display screen by electrons emitted from the cold cathode 
devices (surface conduction etectron-emitting devices) 12 
including those located near the spacers 20 to produce clear 
and sharp images on the screen. This proved that the spacers 
20 did not give rise to any disturbances to the electric fields 
in the display apparatus that could adversely affect the 
trajectories of electrons. 

(Example 5-3) 

This example differs from Example 5-1 in that after 
mechanically securing the abutting members 40 to the face 
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plate 17. an electroconductive material is arranged on part of 
the contact areas and the lateral surface of each abutting 
member for electric connection. On the side of the substrate 
11. to the contrary, the abutting members 40 operated for 

5 both mechanical securing and electric connection. The elec- 
troconductive material was deposited on the abutting mem- 
bers on the side of the face plate 17 while the airtightly 
sealed container was being prepared. FIGS. 34A and 34B are 
schematic cross sectional views showing part of the image 

10 forming apparatus of FIG. 31 taken along lines 34A — 34A 
and 34B — 34B respectively. 

Each of the spacers 20 (FIG. 7C) was prepared in a 
manner as described below. Firstly, a deposit of tin oxide 
was formed to a thickness of 1.000 angstroms by ion plating. 

15 using an electron beam method, in an argon/oxygen atmo- 
sphere as a semiconductor thin film 20b on the soda lime 
glass made insulating member 20a of the spacer 20 that had 
been thoroughly cleansed. The electric resistance of the 
surface of the semiconductor thin film 20b was about lxlO 9 

20 O/D. Thereafter. Ti and Au films were sequentially formed 
thereon to respective thicknesses of 20 angstroms and 1.000 
angstroms to produce spacer electrodes 20c. Electric con- 
nection between the semiconductor thin film 20fr and the 
spacer electrodes 20c was also established in the above 

25 process. 

An airtightly sealed container was prepared, following the 
steps described below. 

Firstly, the spacers 20 (height: 5 mm. thickness: 200 um. 
length: 20 mm) were bonded onto the metal back 19 on the 

30 face plate 17 by applying electroconductive frit glass con- 
taining an electroconductive material such as metal to the 
contact areas thereof and baking it at 400° to 500° C. in the 
ambient air for more than 10 minutes. Thus, the spacers 20 
were mechanically secured and electrically connected to the 

35 metal back 19. 

Note that the fluorescent film 18 of the display panel of 
FIG. 31 is same as the one shown in FIG. 4A and the spacers 
20 were placed on the stripe-shaped black electroconductive 

^ members 21b (width: 300um) of the fluorescent film with 
the metal back 19 disposed therebetween. 

Frit glass (not shown) was then applied to the contact 
areas of the substrate 11* and the rear plate 15, the rear plate 
and the lateral walls 16 and the face plate 17 and the lateral 

45 walls 16 and baked at 400° to 500° C in the ambient air for 
more than 10 minutes to hermetically seal the container. The 
spacers 20 were bonded to the respective row-directed 
wirings 13 (width: 300 um) on the substrate 11* by applying 
electroconductive frit glass 40 containing an electroconduc- 

jq live material such as metal and baking it at 400° to 500° C. 
in the ambient air for more than 10 minutes so that electric 
connection was established therebetween. 

For the above bonding operation, the substrate 11. the rear 
plate IS. the face plate 17 and the spacers 20 were carefully 

53 aligned in order to ensure an accurate positional correspon- 
dence between the color fluorescent members 21a (FIG. 4A) 
and cold cathode devices (surface conduction electron- 
emitting devices) 12. 
The airtightly sealed container prepared in a manner as 

60 described above was then subjected to a series of processing 
steps of evacuation, energization forming, energization 
activation, sealing and getter operation as in the case of the 
preceding examples. 
In order to drive the prepared image-display apparatus 

65 comprising a display panel as illustrated in FIGS. 31 and 34. 
scan signals and modulation signals were applied to the cold 
cathode devices (surface conduction electron-emitting 
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devices) 12 to emit electrons from respective signal genera- mission system using electromagnetic waves and/or spatial 

tion means by way of the external terminals Dxl through optical telecommunication networks. The TV signal system 

Dxra and Dyl through Dyn. while a high voltage was to be used is not limited to a particular one and any system 

applied to the metal back 19 by way of the high voltage such as NTSC. PAL or SEC AM may feasibly be used with 

terminal Hv so that electrons emitted from the cold cathode 5 it. It is particularly suited for TV signals involving a larger 

devices were accelerated by the high voltage and collided number of scanning lines (typically of a high definition TV 

with the fluorescent film 18 to cause the fluorescent mem- system such as the MUSE system) because it can be used for 

bers 21a to excite to emit light and produce images. The a large display panel 500 comprising a large number of 

voltage Va applied to the high voltage terminal Hv was from pixels. The TV signals received by the TV signal reception 

3 kV to 10 kV whereas the voltage Vf applied between the 10 circuit 513 are forwarded to the decoder 504. 

wirings 13 and 14 was 14V. Secondly, the TV signal reception circuit 512 is a circuit 

Under this condition, regularly arranged glowing spots for receiving TV image signals transmitted via a wired 

were two-dimensionally formed at regular intervals on the transmission system using coaxial cables and/or optical 

display screen by electrons emitted from the cold cathode fibers. Like the TV signal reception circuit 513, the TV 

devices (surface conduction electron-emitting devices) 12 i* signal system to be used is not limited to a particular one and 

including those located near the spacers 20 to produce clear the TV signals received by the circuit are forwarded to the 

and sharp images on the screen. This proved that the spacers decoder 504. 

20 did not give rise to any disturbances to the electric fields The image input interface circuit 511 is a circuit for 

in the display apparatus that could adversely affect the receiving image signals forwarded from an image input 

trajectories of electrons. 20 device such as a TV camera or an image pick-up scanner. It 

As seen from the above description, the image display also forwards the received image signals to the decoder 504 

apparatuses of Examples 5-1 through 5-3 have the following The image memory interface circuit 510 is a circuit for 

effects in addition to those described earlier for Examples retrieving image signals stored in a video tape recorder 

1-1 through 1-4. ^ (hereinafter referred to as VTR) and the retrieved image 

Firstly, while the semiconductor thin film 20fc formed on signals are also forwarded to the decoder 504. 

each spacer 20 needs to be electrically connected to me The image memory interface circuit 509 is a circuit for 

substrate 11 and the face plate 17. the electric potential of the retrieving image signals stored in a video disc and the 

entire area of the spacer 20 that is held in contact with mem retrieved image signals are also forwarded to the decoder 

can be stably maintained to a constant level by means of the ^ 5M 

spacer decodes 20 arranged thereon so that, consequently. ^ memory interface circuit 508 is a circuit for 

the potential distribution of the senncon^thm filing rctrievifl 7^ age ^ M m a device for storing still 

electrically connected to the spacer electrodes Mc can be ^ JXHuch af so-called still disc and the retrieved 

held to conform to a desired pattern. inwge signals are also forwarded to the decoder S»4. 

Additionally, if each ab^^ 35 fapul/outI)Ul interface circuit $05 is a circuit for 

a mechanical holding capability and an electric connecting C0 ^^7^play apparatus and an external output 

capability that are independent fron, ^ach , ote the spacer ^ P a computer network oVa 

can be mechanically secured and electrically connected in a °X . " . / T „ - , „ . . 

li ^ UMUMU *j * printer. It carries out input/output operations for image data 

more secure way. and data on characters and graphics and. if appropriate, for 

Soil additionally, if each spacer is provided with at least 40 signals md Qumc rical data between the CPU 506 of 

two electric connecting sections, the spacer can be electri- me ^ k apparatus and an external output signal source. 

callv connected in a further secured way. . ... . f 

_ 7 r . ' . , . . The image generation circuit 507 is a circuit for gener- 

FmaUy.rf an electric connecting section is formed on each i^aata to be displayed on the display screen on the 

spacer after forming a mechanical securing section, the ba& * of ^ e ^ the data on characters and 

entire process of nianuf acturing a display panel according to 45 graphic, ^ ^ an external output signal source via the 

the invention can be designed with an enhanced level of input/outpiJt mterface circuit 505 or those earning from the 

adaptability that leads to an improved reliability, a reduced ^ 4^ comprises reloadable memories for 

processing time and a lowered manufacturing cost storm g image data and data on characters and graphics, 

(Example 6) read-only memories for storing image patterns correspond- 

HO. 35 is a block diagram of the display apparatus " Jf* ^ ?T ^ * T"" fOT P^T 8 

comprising an electron soZ: realized by aL^gToum- circuit components necessary for the genera- 

ber of surface conduction electron-eniitting devices and a screen unag . - 

display panel and designed to display a variety of visual data ***** generated by the image generation circuit 507 

as well as pictures of television transmission in accordance 55 for m scnt t0 mc dccodcr 5M ™f * W*** 1 ^ 

with input signals coming from different signal sources. If they may also be sent to an external circuit such as a 

the display apparatus is used for receiving television signals computer network or a printer via the input/output mterface 

mat are constituted by video and audio signals, circuits, circuit 505. 

speakers and other devices are required for receiving. The CPU 506 controls the display apparatus and carries 

separating, reproducing, processing and storing audio sig- ^ out the operation of generating, selecting and editing images 

nals along with the circuits shown in the drawing. However. to be displayed on die display screen, 

such circuits and devices are omitted here in view of the For example, the CPU 506 sends control signals to the 

scope of the present invention. multiplexer 503 and appropriately selects or combines sig- 

Now. the components of the apparatus will be described, nals for images to be displayed on the display screen. At the 

following the flow of image signals therethrough. 65 same time it generates control signals for the display panel 

Firstly, the TV signal reception circuit 513 is a circuit for controller 502 and controls the operation of the display 

receiving TV image signals transmitted via a wireless trans- apparatus in terms of image display frequency, scanning 
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method (e.g.. interlaced scanning or non-interlaced can display on the display panel 500 various images given 

scanning), the number of scanning lines per frame and so oil from a variety of image data sources. More specifically. 

The CPU 506 also sends out image data and data on image signals such as television image signals are converted 

characters and graphic directly to the image generation back by the decoder 504 and then selected by the multiplexer 

circuit 507 and accesses external computers and memories 5 503 before sent to the drive circuit 501. On the other hand, 

via the input/output interface circuit 505 to obtain external the display controller 502 generates control signals for 

image data and data on characters and graphics. controlling the operation of the drive circuit 501 according 

The CPU 506 may additionally be so designed as to to the image signals for the images to be displayed on the 

participate other operations of the display apparatus includ- display panel 500. The drive circuit 501 then applies drive 

ing the operation of generating and processing data like the 10 signals to the display panel 500 according to the image 

CPU of a personal computer or a word processor. signals and the control signals. Thus, images are displayed 

The CPU 506 may also be connected to an external on the display panel 500. All the above described operations 

computer network via the input/output interface circuit 505 are controlled by the CPU 506 in a coordinated manner, 

to carry out computations and other operations, cooperating The above described display apparatus can not only select 

therewith. is anc j display particular images out of a number of images 

The input section 514 is used for forwarding the given to it but also carry out various image processing 

instructions, programs and data given to it by the operator to operations including those for enlarging, reducing, rotating, 

the CPU 506. As a matter of fact it may be selected from a emphasizing edges of. thinning out interpolating, changing 

variety of input devices such as keyboards, mice, joysticks, colors of and modifying the aspect ratio of images and 

bar code readers and voice recognition devices as well as 20 editing operations including those for synthesizing, erasing, 

any combinations thereof. connecting, replacing and inserting images as the image 

The decoder 504 is a circuit for converting various image memories incorporated in the decoder 504. the image gen- 
signals input via said circuits 507 through 513 back into eration circuit 507 and the CPU 506 participate such opera- 
signals for three primary colors, luminance signals and I and tions. Although not described with respect to (he above 
Q signals. Preferably, the decoder 504 comprises image 25 embodiment, it is possible to provide it with additional 
memories as indicated by a dotted line in FIG. 35 for dealing circuits exclusively dedicated to audio signal processing and 
with television signals such as those of the MUSE system editing operations. 

that require image memories for signal conversion. The The above described display apparatus can not only select 
provision of image memories additionally facilitates the and display particular pictures out of a number of images 
display of still images as well as such operations as thinning 30 given to it but also carry out various image processing 
out interpolating, enlarging, reducing, synthesizing and operations including those for enlarging, reducing, rotating, 
editing frames to be optionally carried out by the decoder emphasizing edges of, thinnin g out interpolating, changing 
504 in cooperation with the image generation circuit 507 and colors of and modifying the aspect ratio of images and 
the CPU 506. editing operations including those for synthesizing, erasing. 
The multiplexer 503 is used to appropriately select images 33 connecting, replacing and inserting images as the image 
to be displayed on the display screen according to control memories incorporated in the decoder 504. the image gen- 
signals given by the CPU 506. In other words, the multi- eration circuit 507 and the CPU 506 participate such opera- 
pi exer 503 selects certain converted image signals corning tions. Although not described with respect to the above 
from the decoder 504 and sends them to the drive circuit embodiment. It is possible to provide it with additional 
501. It can also divide the display screen in a plurality of 40 circuits exclusively dedicated to audio signal processing and 
frames to display different images simultaneously by switch- editing operations. 

ing from a set of image signals to a different set of image Thus, a display apparatus according to the invention and 

signals within the time period for displaying a single frame, having a configuration as described above can have a wide 

The display panel controller 502 is a circuit for control- ^ variety of industrial and commercial applications because it 

ling the operation of the drive circuit 501 according to can operate as a display apparatus for television 

control signals transmitted from the CPU 506. broadcasting, as a terminal apparatus for video 

Among others, it operates to transmit signals to the drive teleconferencing, as an editing apparatus for still and movie 

circuit 501 for controlling the sequence of operations of the pictures, as a terminal apparatus for a computer system, as 

power source (not shown) for driving the display panel in an OA apparatus such as a word processor, as a game 

order to define the basic operation of the display panel 500. machine and in many other ways. 

It also transmits signals to the drive circuit 501 for n M y ^ needless to say that FIG. 35 shows only an 

controlling the image display frequency and the scanning example of possible configuration of a display apparatus 

method (e.g., interlaced scanning or non-interlaced comprising a display panel provided with an electron source 

scanning) in order to define the mode of driving the display 5J prepared by arranging a number of surface conduction 

panel 500. electron-emitting devices and the present invention is not 

If appropriate, it also transmits signals to the drive circuit limited thereto. For example, some of the circuit compo- 

501 for controlling the quality of the images to be displayed Dents of FIG. 35 may be omitted or additional components 

on the display screen in terms of luminance, contrast, color may be arranged there depending on the application. For 

tone and sharpness. m instance, if a display apparatus according to the invention is 

The drive circuit 501 is a circuit for generating drive used for visual telephone, it may be appropriately made to 

signals to be applied to the display panel 500. comprise additional components such as a television 

It operates according to image signals coming from said camera* a microphone, lighting equipment and transmission/ 

multiplexer 503 and control signals coming from the display reception circuits including a modem, 

panel controller 502. 65 Since a display apparatus according to the invention 

A display apparatus according to the invention and having comprises a display panel that is provided with an electron 

a configuration as described above and illustrated in FIG. 35 source prepared by arranging a large number of surface 
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conduction electron-emitting device and hence adaptable to the spacer and is mechanically bonded thereto at the abut- 

reduction in the depth, the overall apparatus can be made ment via an electroconductive bonding member which elec- 

very thin. Additionally, since a display panel comprising an trically connects the electrode to the semiconductor film, 

electron source prepared by arranging a large number of 2. An electron beam apparatus according to claim 1. 

surface conduction electron-emitting devices is adapted to 5 wherein one of said pair of electrodes constitutes an electron 

have a large display screen with an enhanced luminance and source including said electron-emitting device and the other 

provide a wide angle for viewing, it can offer really impres- of said pair of electrodes constitutes a control electrode for 

sive scenes to the viewers with a sense of presence. controlling an electron beam emitted from said electron- 

(Other examples) emitting device. 

The present invention can be applied to any electron- 10 3. An electron beam apparatus according to claim 2. 

emitting devices other than surface conduction electron- wherein the one of said pair of electrodes which constitutes 

emitting devices so long as they are cold cathode type the electron source is an electrode for applying a voltage to 

electron-emitting devices. Specific examples include a field said electron-emitting device. 

emission type (FE type) electron-emitting device compris- 4. An electron beam apparatus according to claim 2. 

ing a pair of electrodes arranged along the surface of a 15 wherein said control electrode is an electrode for accelerat- 

substrate mat operates as an electron source as disclosed in ing an electron beam emitted from said electron-emitting 

Japanese Patent Application Laid-Open No. 63-274047 of device. 

the inventors of the present invention and a metal/insulation 5. An electron beam apparatus according to claim 4. 

layer/metal (MIM type) electron-emitting device. wherein said control electrode is arranged on said target 

Additionally, the present invention can be applied to 20 6. An electron beam apparatus according to daim 5. 

image forming apparatuses comprising an electron source wherein said control electrode is a metal back plate, 

other than that of the simple matrix type. Examples of such 7. An electron beam apparatus according to claim 1. 

apparatuses include an image forming apparatus proposed wherein said spacer is rectangularly parallelepipedal. 

by the inventors of the present invention and disclosed in 8. An electron beam apparatus according to claim 1, 

Japanese Patent Application Laid-Open No. 2-257551 com- 25 wherein said spacer is column-shaped, 

prising control electrodes for selecting surface conduction 9. An electron beam apparatus according to claim 1, 

electron-emitting devices, wherein spacers of the above wherein said spacer is one of a plurality of spacers, 

described type are used between the face plate and the 1©. An electron beam apparatus according to claim 1. 

control electrodes and between the electron source and the wherein said semiconductor film has a surface electric 

control electrodes. 30 resistance between 10 5 Q/D and 1Q 12 Ci/O. 

While the spacers and the lateral walls were coated with 11. An electron beam apparatus according to claim 1. 

a semiconductor thin film in the above examples, they may wherein said electrocon ducti ve bonding member is an elec- 

be replaced by spacers and lateral walls that are semicon- troconductive frit glass. 

ductor per se. If such is the case, the spacers and the lateral 12. An electron beam apparatus according to claim 1, 

walls do not require any semiconductor film to be formed 35 wherein said electroconductive bonding member is an insu- 

thereon. lating frit glass of which surface is coated with an electro- 

The basic concept of the present invention can be applied conductive getter material, 

not only to image forming apparatuses for displaying 13. An electron beam apparatus according to claim 1. 

images. An image forming apparatus according to the inven- wherein the one of said pair of electrodes constituting an 

tjon can be used as a light source and replace the light 40 electron source including said electron-emitting device 

emitting diodes of an optical printer comprising a photo- abuts said spacer and is mechanically bonded to said spacer 

sensitive drum and light emitting diodes. In such a case, it at the abutment via an electroconductive bonding member 

can be used not only as a line type light source but also as electrically connecting the electrode to said semiconductor 

a two-dimensional light source that can be operated by film 

a p pr opr i ately selecting the m row-directed wirings and the n 45 14. An electron beam apparatus according to claim 1. 
column-directed wirings. Then, the fluorescent members of wherein the one of said pair of electrodes constituting an 
the above examples that emit light directly may be replaced electron source including said electron-emitting device and 
by members that form latent images when charged with the other of said pair of electrodes constituting a control 
electrons. electrode for controlling an electron beam emitted from said 
Finally, the concept of the present invention can be so electron-emitting device both abut said spacer and are 
applied to an arrangement where the members irradiated mechanically bonded to said spacer at the abutments via an 
with electrons emitted from an electron source are not image electroconductive bonding member electrically connecting 
forming members as in the case of an electronic microscope. the electrodes to said semiconductor film. 
Therefore, an electron beam generating apparatus that does 15. An electron beam apparatus according to claim 1. 
not comprise any determined object of irradiation is also 55 wherein said electron source includes a plurality of row- 
found within the scope of the invention. directed wires, a plurality of column-directed wires and a 
What is claimed is: plurality of dectron-emitting devices wired by said row- 
1. An electron beam apparatus comprising: a vacuum directed wires and said ccdumn-directed wires to form a 
envelope containing an electron source including an matrix wiring structure and said one of said pair of dec- 
dectron-emitting device; a target arranged to be irradiated 60 trodes constituting said dectron source is one of said row- 
with an dectron beam emitted from said electron-emitting directed wire or column-directed wire, 
device; a pair of dectrodes to which different dectrical 16. An electron beam apparatus according to daim 15. 
potentials are to be applied; and a spacer sandwiched wherein said spacer rectangularly parallelepipedal in such a 
between said pair of electrodes, characterized in that the way that the longitudinal direction thereof is in parallel with 
spacer is coated with a semiconductor film and in that each 65 said row-directional wire or said column-directional wire, 
of the electrodes is in electrical contact with the semicon- 17. An dectron beam apparatus according to claim 1. 
ductor film, and in that at least one of the dectrodes abuts wherein a securing member for mechanically securing the 
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bonding between said electrode and said spacer is further 
provided at at least one of the abutments. 

18. An electron beam apparatus according to claim 17, 
wherein said securing member is coated with said electro- 
conductive bonding member. 

19. An electron beam apparatus according to claim 17, 
wherein said securing member is an insulating frit glass. 

20. An electron beam apparatus according to claim 1, 
wherein said spacer has an electroconductive film at the 
whole of the abutment and said electroconductive film is 
electrically connected to said semiconductor film 

21. An electron beam apparatus according to claim 1, 
wherein further semiconductor film is provided on an inner 
surface of the lateral wall of said vacuum envelope. 

22. An electron beam apparatus according to claim 21. 
wherein said further semiconductor film has a surface elec- 
tric resistance between 10 5 CUD and 10 12 OQ. 

23. An electron beam apparatus according to claim 1. 
wherein said electron-emitting device is a cold cathode 
device. 

24. An electron beam apparatus according to claim 23. 
wherein said electron-emitting device has an electroconduc- 
tive Him including an electron-emitting region between a 
pair of device electrodes. 

25. An electron beam apparatus according to claim 23. 
wherein said electron-emitting device is a surface conduc- 
tion electron-emitting device. 

26. An image -forming apparatus comprising: 

an electron beam apparatus comprising: a vacuum enve- 
lope containing an electron source including an 
electron-emitting device; a target arranged to be irra- 
diated with an electron beam emitted from said 
electron-emitting device; a pair of electrodes to which 
different electrical potentials are to be applied; and a 
spacer sandwiched between said pair of electrodes, 
characterized in that the spacer is coated with a semi- 
conductor film and in that each of the electrodes is in 
electrical contact with the semiconductor film, and in 
that at least one of the electrodes abuts the spacer and 
is mechanically bonded thereto at the abutment via an 
electroconductive bonding member which electrically 
connects the electrode to the semiconductor film; and 

image forming means for forming an image with the 
electron beam generated by said electron beam appa- 
ratus. 

27. An image forming apparatus according to claim 26, 
wherein one of said pair of electrodes constitutes an electron 
source including said electron-emitting device and the other 
of said pair of electrodes constitutes a control electrode for 
controlling an electron beam emitted from said electron- 
emitting device. 

28. An image forming apparatus according to claim 27. 
wherein the of said pair of electrodes which constitutes the 
electron source is an electrode for applying a voltage to said 
electron-emitting device. 

29. An image forming apparatus according to claim 27, 
wherein said control electrode is an electrode for accelerat- 
ing an electron beam emitted from said electron-emitting 
device. 

30. An image forming apparatus according to claim 29, 
wherein said control electrode is arranged on said target 

31. An image forming apparatus according to claim 30, 
wherein said control electrode is a metal back plate. 

32. An image forming apparatus according to claim 26, 
wherein said spacer is rectangularly parallclepipedal. 

33. An image forming apparatus according to claim 26, 
wherein said spacer is column-shaped. 

34. An image forming apparatus according to claim 26, 
wherein said spacer is one of a plurality of spacers. 
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35. An image forming apparatus according to claim 26, 
wherein said semiconductor film has a surface electric 
resistance between 10 s O/D and 10 12 fl/D. 

36. An image forming apparatus according to claim 26, 
5 wherein said electroconductive bonding member is an elec- 
troconductive frit glass. 

37. An image forming apparatus according to claim 26, 
wherein said electroconductive bonding member is an insu- 
lating frit glass of which surface is coated with an electro- 

10 conductive getter material. 

38. An image forming apparatus according to claim 26, 
wherein the one of said pair of electrodes constituting an 
electron source including said electron-emitting device 
abuts said spacer and is mechanically bonded to said spacer 

13 at the abutment via an electroconductive bonding member 
electrically connecting the electrode to said semiconductor 
film 

39. An image forming apparatus according to claim 26. 
wherein the one of said pair of electrodes constituting an 

20 electron source including said electron-emitting device and 
the other of said pair of electrodes constituting a control 
electrode for controlling an electron beam emitted from said 
electron-emitting device both abut said spacer and are 
mechanically bonded to said spacer at the abutments via an 

25 electroconductive bonding member electrically connecting 
the electrodes to said semiconductor film. 

40. An image forming apparatus according to claim 26. 
wherein said electron source includes a plurality of row- 
directed wires, a plurality of column-directed wires and a 

30 plurality of electron-emitting devices wired by said row- 
directed wires and said column-directed wires to form a 
matrix wiring structure and said one of said pair of elec- 
trodes constituting said electron source is one of said row- 
directed wire or column-directed wire. 

35 41. An image forming apparatus according to claim 40. 
wherein said spacer rectangularly parallelepipedal in such a 
way that the longitudinal direction thereof is in parallel with 
said row-directional wire or said column-directional wire. 

42. An image forming apparatus according to claim 26. 
wherein a securing member for mechanically securing the 

40 bonding between said electrode and said spacer is further 
provided at at least one of the abutments. 

43. An image forming apparatus according to claim 42. 
wherein said securing member is coated with said electro- 
conductive bonding member. 

45 44. An image forming apparatus according to claim 42, 
wherein said securing member is an insulating frit glass. 

45. An image forming apparatus according to claim 26. 
wherein said spacer has an electroconductive film at the 
whole of the abutment and said electroconductive film is 

50 electrically connected to said semiconductor film. 

46. An image forming apparatus according to claim 26. 
wherein further semiconductor film is provided on an inner 
surface of the lateral wall of said vacuum envelope. 

47. An image forming apparatus according to claim 46. 
wherein said further semiconductor film has a surface elec- 
trie resistance between 10 5 OO and 10 12 £ZO 

48. An image forming apparatus according to claim 26. 
wherein said electron-emitting device is a cold cathode 
device. 

49. An Image forming apparatus according to claim 48, 
60 wherein said electron-emitting device has an electroconduc- 
tive film including an electron-emitting region between a 
pair of device electrodes. 

50. An image forming apparatus according to claim 48, 
wherein said electron-emitting device is a surface conduc- 

65 lion electron-emitting device. 

* * * * * 
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